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Paper No. 1062. 


THE BRACING TRENCHES AND TUNNELS, 
WITH PRACTICAL FORMULAS FOR 
EARTH PRESSURES.* 


this paper the sheathing and bracing trenches and tun- 
nels dry and water-bearing materials, will treated under the 
general subject bracing. order that there may mis- 
understanding, the term “sheeting” will used for that class 
sheathing which set driven coincidentally with the excava- 
tion. That class sheathing which driven ahead the excava- 
tion, beyond its final limits, will referred “sheet-piling.” 

Ordinarily, sheeting set driven hand-mauls, whereas 
sheet-piling driven pile-drivers. order make the de- 
which show general way the different types sheeting and 
bracing. 

Fig. shows general type open trench sheeted with two 
sets of, “double,” sheeting. 

Presented the meeting October 16th, 1907. 
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Fig. shows detail the principal features the sheeting 
(ordinarily 3-in. spruce Virginia pine), the ranger with the 
engaging brace, and the cleats and lugs for holding them position. 

Fig. shows general type excavation coffer-dam, 
sheeted with 12-in. tongued and grooved sheet-piling, driven 
between guide-wales, and penetrating beyond the limits the ex- 
cavation, but not sufficiently far away with the necessity for 
bracing. These guide-wales are usually bolted ordinary piles 
driven ahead the sheet-piling and removed approaches them. 

Fig shows the cross-section general type hand-driven 
tunnel drift. The cap, legs, and sill are clearly defined, with 
spreader under the cap, the rear ends the front lagging: resting 
the cap, and the front ends the rear lagging superimposed 
above everything, with the waling pieces and fillers and wedges 
between. The same terms hold good for the sides. The fillers 
shown the right the sketch just over the cap are put 
temporarily hold the waling piece position until the lagging 
poling boards can driven. 

Referring now the general question earth pressure, 
connection with its action sheeting and bracing, the writer be- 
lieves that this subject has never been developed reconcile 
the theoretical with the practical conditions. will his endeavor 
develop practical basis connection with which will 
possible all times effect approximate reconciliation be- 
tween the actual conditions stability earth and the theoretical 
formulas resultants arising therefrom. 

all his experience, the writer has used the diagram, Fig. 
for earth pressure, whether applied retaining 
walls sheeting and bracing. 

the line the sheeting, and the natural slope 
the earth, being the angle repose, then the mass earth caus- 
ing pressure against the line, contained within the triangle, 

The weight the earth this triangle rests and its 
thrust transmitted not through the toe each layer 
the foot its slope line, but the arching effect this earth be- 
tween the lines, and 

For purposes calculation, probably not far from correct 
assume that line, bisecting this angle, measures 
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with area equivalent the weight transmitted thrust 
against this line, Also, true that the center pressure 
against where perpendicular from the center gravity 
the triangle, meets this line. 


SECTION OF ORDINARY TUNNEL DRIFT 


Scale of Fect 


The writer fully aware that making this assumption 
going contrary the general theory, which assumes that earth 
pressure acts along the line rupture and with that line, 
and therefore greatest the toe, but wishes state that this 
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theory not borne out actual practice, and that all closely-sheeted, 
well-braced trenches invariably show heavier pressure the top 
than the bottom. Any attempt assume theoretical condition 
which contrary this fact must little value engineers 
making practical calculations. The writer aware that many 
retaining walls have been built from designs based this 
theory; and may state parenthetically that makes little 
difference, practically, which form reasoning applied re- 
taining walls. does, however, make vast difference which 
wall reinforced horizontally; and, while the writer does not wish 
contradict this theory, based entirely theoretical condi- 
tion frictionless material, does wish advise against its use 
solid plane, and that the triangle, filled entirely with 
particles which are absolutely without friction, and therefore the 
weight one upon the other transmits accumulatively the weight 
all entirely and directly the bottom, then the truth the 
theory noted above cannot controverted. The writer con- 
however, that such condition does not exist, and that 
earth pressures and aqueous pressures are not similar; for, deal- 
ing with ordinary materials, impossible proceed with any 
practical calculations without taking into account the frictional 
resistance these materials and their arching effects, which render 
virtually impossible consider their action any way allied 
action. For instance, the writer has repeatedly observed 
(where trenches have been sheeted from Fig. and the 
excavation has been continued below without sheeting), under- 
cutting excavations which have been made (in loams, clays, moist 
sands) back along the line, the light poling-boards 
driven under the toe the sheeting without disturbing 
the stability the mass above. satisfied that this sheet- 
ing had been poorly put cause the stability the mass 
disturbed, would have manifested itself the continual 


dropping masses material from above, rather than 
constant pressure, would have been the case had the material 
been full water absolutely frictionless. And, any 
holes should left between these poling-boards absolutely dry 
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sand, would “bleed” through these orifices just the sand 
runs into hour-glass, until the hole had gone the top the 
excavation, but time would there observed any continuous 
pressure which could defined any way equal the entire 
weight the sand from the bottom the top over the unsheeted 
area. may be, and the writer has frequently observed also, that 
the lower part trench may left unsheeted, from 
and for considerable distance longitudinally clays and moist 
sands, without disturbing the stability the face, and yet 
more less heavy pressure observed the bracing above. 
This can only explained the theory the arching effect 
the material above, one buttress the arch being and the 
other this correct, there can doubt the action 
being wedge-like, with the center pressure opposite the center 
gravity. Any engineer who has had with excavations must 
aware the fact that pressures are frequently developed 
the top braces and rangers while men are excavating with impunity 
beyond the limits the sheeting the bottom the trench. 
possible, also, any time cut remove the bottom sheeting 
(except dry sand) for considerable percentage the vertical 
distance from the bottom, and for indefinite lengths, without inter- 
fering with the stability the bank above, provided the sheeting 
removed without jarring. Any practical man, will 
admit that would suicidal remove any one the braces 
near the top the excavation, particularly after the ground had 
stood for any considerable time. 
The practical application the foregoing will now shown, 
and the formula demonstrated. 
a 


The resultant pressure this mass would occur two-thirds 
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the case well-sheeted and braced bank, there would 
overturning moment, but there would thrust, represented 
the general tendency the triangle, slide along the 
line, and therefore move out and exert pressure horizontal 
direction. 

understand this more clearly, might well assume 
(in Fig. that the lines, and are blocks ice 
which are held place along the line, their weight im- 
pinging this line, and the line, rigid strut bear- 
ing against that line the pressure slightly re- 
leased, the whole triangle, will assume new position, 
against solid block, and the wedge forced down, then, 


Fie. 6. 


order that may resisted most effectually any one point, this 
resistance should placed Or, word, the writer be- 
lieves that the action earth pressure properly braced trenches 
more closely allied that coherent solid than that 
aqueous frictionless mass. 

If, now, these applied ordinary sheeted and 
braced trench assumed depth ft., and the weight 
earth assumed lb. per cu. ft., the pressures obtained the 
braces shown Fig. will correspond with the figures the 
rectangles opposite these braces. The maximum pressure any 
portion trench sheeted this manner would occur the sec- 
ond brace, where the pressure for the assumed case would eventually 
640 Ib. per ft. these braces are spaced ft. apart, would 
necessary use 12-in. yellow pine ranger resist this 
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pressure (with factor safety 3), and the third, fourth and 
other rangers would correspondingly smaller cross-sectional 
area. rarely found practice, however, that necessary 
use ranger heavy that required the theoretical condi- 
tions here assumed, for, the trench well-sheeted and braced, 
the horizontal arching effect the material will come into play, 


(A) 


210 


Fie, 7. 
and will transmit itself from brace brace and allow the use 
lighter ranger. also customary, within the limits good 
practice, use much lighter sheeting than that which would 
theoretically required maintain resist this pressure, the 
braces and rangers, properly placed, take the pressures and 
allow the arching effect previously noted perform its work. 
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Fig. are noted the sizes and kinds sheeting and bracing 
which would used ordinary practice trench ft. depth, 
and, while not recommended theoretically strong enough, they 
give satisfactory results ordinary ground where the trench does 
not have stand too long, and always assuming that the bracing 
properly put originally. The top brace here shown 
10-in., the second and third are 10-in., the fourth and fifth 
are 10-in., and the bottom one may 10-in. These sizes 
apply good grade Virginia short-leaf yellow pine. Ordi- 
narily, the toe the sheeting driven ft. more into the 
bottom material, which holds place without the necessity 
for bracing this toe. The braces sustaining the rangers (except 
very narrow excavations) should fully large the rangers 
themselves, any tendency distortion might fatal the 
stability the banks; and, the trench very wide, longitudinal 
spreaders should placed between the braces sufficiently fre- 
quent intervals prevent the possibility distortion. These 
spreaders obviate the necessity using heavier braces. 

The writer believes that there limit depth beyond which 
not possible brace trench against the pressures which 
would developed, and believes that this limit could de- 
fined simple practical calculation, depending, course, upon 
the nature the soil through which the trench was dug. For 
example, trench sunk ft. and stopped, the pressure de- 
veloped the 15-ft. level will not excessive, whereas 
continued ft. the bracing will have heavily reinforced 
the same 15-ft. level; and, the trench carried down 
indefinite depth, bracing would eventually able withstand 
the pressures this same point, owing what may here de- 
one who has had with deep trenches tunnels, however, must 
realize that exposed face earth under more pressure 
the bottom the deepest trench than the 
bottom shallow one. 

Reference here made Fig. Plate which shows the 
bottom lined tunnel (at depth some ft.) which had 
been driven with ordinary shield, and from the bottom which 
several cast-iron plates had been removed. The places from which 
the plates were removed show exposed face moist sand, and 
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state though the exposure had been made only few feet from 
the surface. The rod shown the photograph vertical. 

The danger sheeting trench arises mainly from three 
causes 

driving the sheeting carelessly and allowing slips 
occur behind it; or, the case clayey soils, not properly guard- 
ing against voids which may occur behind the sheeting. The 
natural tendency earth eventually fill these voids causes slips, 
which develop not only the full pressures theoretically provided 
for, but frequently, reason the shock incidental the velocity 
slip, cause increased pressures impinge against the sheeting 
and bracing. 

not fully tightening the braces the use wedges 
driven practically refusal; and 

c.—Because strata quicksand may uncovered ordinary 
soil, thereby developing hydrostatic and unbalanced pressures 
the sheeting and causing stresses not properly provided for. 

The next consideration that bracing and sheeting and its 
relation earth pressures subaqueous other soils saturated 
under hydrostatic pressure. 

There appears controversy the generally accepted 
theory and formula connection herewith, and they will merely 
discussed order preserve the continuity this paper. 

Fig. shows graphically the theory hydrostatic pressure, 
which assumes that cumulative vertically and constant the 
horizontal planes, and that the center pressure always 
point one-third above the base. If, now, assumed that 
sheet-piling which has been driven through water and into the 


act cantilever, then the moment tending overturn this sheet- 
piling follows: 
=the height (in Fig. 8), 
and, the width each pile ft., then 


the weight bearing against each pile, 
and the moment tending overturn each pile. 
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brace placed the point, H,, the piling becomes beam 
with the load distributed over the whole area, the resultant being 
The writer not convinced that necessary consider 
the full hydrostatic pressure that portion the pile represented 
the earth here prevents this full hydrostatic pressure from being 
developed, but would not willing neglect this making 
practical calculations, and therefore believes should always 
taken its full value. The same reasoning applies subaqueous 
tunnels, any subaqueous structure soil sufficiently permeable 
admit water reasonably large quantities. 


Fie. 8. B 


The next question taken will earth pressures tun- 
nels subterranean structures, where necessary consider 
the other side the pressure areas noted the development 
the formulas for pressures open trenches. 

(the area which will taken square, order simplify 
the assumptions), and that the natural slope the 
earth above this tunnel, then: 

the angle repose, 

=the complement the angle repose, and 
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first assumption, unquestioned, course, that all 
earth contained the triangle, necessarily presses directly 
the roof the tunnel. And the assumptions made the 
beginning this paper are true for open trenches, then also 
true that all the earth contained the triangle, bears di- 
rectly upon the line, and therefore all this weight likewise 
transmitted the tunnel and all the pressure the earth 
the triangle, goes the line, arching itself some- 
where below the triangle, curve approximating the 
line, that, well-braced tunnel, the only pressure 


K L 
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the roof would that due the weight the material below this 
line. order consistent and carry out the line reason- 
ing the original assumption, however, provision must made 
for the pressures all the material the triangle, 
pressure beyond the lines, and can transmitted the 
tunnel unless the ground contains water such quantities 
make the pressure hydrostatic. course, the tunnel sub- 
aqueous one, the pressure the line, for purposes prac- 
tical must that due the hydrostatic head the 
water measured its depth the line, and the width 
the tunnel opening. 
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Returning again earth pressures free from excess water, 
found, course, that the larger the angle, the greater 
the resultant pressure upon the tunnel. possible that some 
may argue from this that the greatest pressure will occur clayey 
soil where the earth stands vertically. This supposition, however, 
erroneous, because, any soil which will stand vertically and 
continue stand vertically under any circumstances must 
considered the same way solid rock, and cannot properly 
classed material for which bracing necessary. matter 
fact, however, clays are treacherous soils for tunneling, and fre- 
quently develop pressures squeezing sliding horizontally, for 
which difficult provide. 

entirely blocks ice (or frictionless solids) having angle 
repose 90°, the full weight this material would have 
provided for bracing across the tunnel roof, If, the 
other hand, material, such dry sand, considered, which 
the angle repose very flat, the arching effect this material 
comes more greatly into play reason its tendency slide 
along the angle repose, and therefore, the condition least 
pressure that can come upon tunnel dry ground where 
the angle repose the superimposed material least, always 
providing the material held close sheeting. word, then, 
the greater the angle repose the greater the pressure pro- 
vided for, and this leads the conclusion that dry sand small 
angle repose would prove the best material for tunneling 
were possible sheet and brace the roof absolutely without dis- 
turbing its equilibrium. practice, however, is, course, 
impracticable drive tunnel through sand any kind without 
having some movement material, and the dryer the sand, the 
more likely run through any opening the sheeting. 

ideas tunnel pressures may had from the fact 
that any bracing which admits the slightest settlement develops 
consequence greater less pressure, according the degree 
settlement, and the consequent movement, which permitted 
take place, but the writer convinced, from long observation, that 
reasonably careful work pressures need allowed for beyond 

the limits herein stated. 
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Here, again, may interest note that frictionless 
material could imagined, resting trough made the pro- 
longation the lines, and measuring the angles re- 
pose, allowance would undoubtedly have made for the full 
pressure the weight all the material contained within the pro- 
longation the lines rupture, and Assuming case 
where tunnel close the surface that the arching effect 
lost, for instance, Fig. the surface the ground taken 
_at probable that there would obtained not only the 
full pressure the ground directly above the opening, but in- 
crease due the lines rupture, and Therefore, 
the writer’s judgment, always wise discontinue tunnel 
operations when the surface the ground intersects, nearly 
intersects, the perpendicular line, and within the rea- 
sonable limits good practice tunnel when the surface the 
ground fairly well above the point, may also practical 
interest note that any longitudinal trenching should always 
avoided possible over the line tunnel while being ex- 
owing the consequent destruction the key the 
arching effect the ground. 

the actual pressure: 

Let width the tunnel; 


and, assuming that 34°, then and 62°; 
and the tangent approximately 


weight per linear foot tunnel, where the weight earth 
per cubic foot. 

side pressures, the pressure against the sheeting, 
(Fig. 9), continues along line rupture, stopping some 
indefinite point, which, for practical purposes, may taken 
and making the only actual pressure closely-sheeted work ap- 
proximately within line measured the curve, 
excess allowance covering conditions sheeting, ground, 
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which judgment large factor, should used all calculations 
relating the question side bracing, give proper factor 
safety connection with this somewhat indeterminate quantity. 
the question shaft bracing, Fig. cross-section 
square shaft area sufficiently small give the surround- 
ing earth tendency arch itself horizontally, being very prob- 
able that such shaft reasonably small dimensions and driven 
here shown will develop pressures somewhat indicated the 
that circular shaft not too large diameter, driven dry ground 
moist sand, will arch itself that very little pressure exerted 


Fie. 11. 


the bracing excess that originally developed making the. 
sheeting and bracing tight. This excess pressure small and in- 
determinate actual practice, and may measured the in- 
tersection the lines the arching effect horizontal plane 
the lines rupture vertical plane, and somewhat shown 
the vertical section Fig. 11. This pressure varies, 
direct proportion the care with which the sheeting was origin- 
ally placed. view this, true, both practically and 
theoretically, that small shaft may driven any depth with- 
out developing any greater pressures below than are found near the 
surface. soon, however, the shaft beeomes large that the 
horizontal arching effect destroyed, the action the pressures. 
becomes the same the bracing open trench, and therefore. 
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would impracticable sink any great depth shaft the 
dimensions which were such put the same category 
trenches. 

Attention called the photograph, Fig. Plate which 
shows underpinning pit sunk depth about ft. the 
use horizontal well-diggers’ sheeting. The bottom this pit 
the level where ground-water has been struck, and there 
sheeted with interlocking steel sheet-piling driven some ft. into 
the ground bring its toe well below the sub-grade the ad- 
joining excavation for which the underpinning required. This 
pit can now pumped out and excavated without danger bring- 
ing sand, and can then filled with concrete form proper 
foundation for supporting underpinning timbers. The writer has 
personally supervised the work sinking numbers similar pits 
for different purposes, some depths ft., without other 
bracing than the horizontal sheeting noted above, each set alter- 
nately bracing the other. also known that pits this 
character, and not more than ft. square, have been sunk well- 
diggers much greater depth than those noted without using 
any bracing other than the sheeting the character described above. 

The writer believes that the practice lining circular manholes 
with masonry walls the thickness which increases with the depth 
not consistent with good designing, and that circular shaft 
may safely designed with masonry wall which has the same 
thickness indefinite depth has near the surface. 

The remainder this paper illustrates and discusses few gen- 
eral types and methods sheeting and bracing. 

The ordinary sheeting, course, hand-driven vertically, 
previously illustrated, but not always possible drive sheet- 
ing, particularly subway work, where much the excavation 
has done under cover. such cases, however, always 
possible use cross, box, horizontal sheeting, types which 
have been illustrated connection with the sinking pits. This 
type sheeting, course, more expensive put in, but some 
instances gives better results than its hand-driven prototype, 
the work can done more carefully and can more closely 
watched avoid the occurrence voids behind it. may 
passing interest note that the writer one occasion found 
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void larger size than the hand ordinary man behind sheet- 
ing which had stood for fifteen years clayey soil.* does 
not desire offer this reason, however, even good excuse, 
for leaving such voids. 

The general type bracing shown Fig. may taken 
illustrate the more usual methods connection with openings 
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large those required for the ordinary two-track subway. The gen- 
eral scheme this dig the excavation two more levels, 
according the depth, completing the excavation for portion 
one level before the other begun. The decking put and 


Since preparing this paper the attention has been called void recently 
found excavating over tunnel driven fifteen years before sand. This void was 
large enough admit one-half the body man. 
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carried longitudinal sills, which, turn, are braced from 
lateral cap caps, shown, and where interference pipes does 
not prevent. From this point the main cap carried temporary 
longitudinal timbers sufficiently large section and 
length span from the solid ground ahead the posting behind 
and carry one more caps, according the size and weight over- 
head. carrying the excavation its final level, after the first 
portion has been excavated, long posts, reaching from the main cap 
the bottom, are put pits, shown; or, the longitudinal 
bars supporting the caps are sufficiently heavy and the superim- 
posed weight not too great, they may put open excava- 
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tion, shown the upper right portion Fig. 12. The advantage 
operating this method that the long posts, when once 
place, give vertical stability the structure; but the same 
time they are more less cumbersome handle, and not infre- 
quently have cut removed. course, the presence 
pipes other sub-surface surface structures must change the 
form bracing very materially, and the nature the ground may 
also make considerable change the method operation. 

Fig. shown type bracing which has been used 
Cranford and McNamee, Brooklyn, connection with their sub- 
way work. this the decking where required carried 
longitudinal stringers, and where there are trolley tracks they are 
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longitudinal -beams. close possible the top 
the trench, and below the general line the pipes, needle-braces 
are run from ranger ranger, and below this cap set. This 
needle and cap are carried temporary posts and rakers until the 
heavy side rakers inclined legs shown Fig. can put in. 
The built-up, continuous, channel-beams, shown cross-section be- 
neath the main cap, are then run ahead, and the posting carried 
from that. The excavation then carried down along the dotted 
line (and sheeted, necessary), and the main posts are put 
under the channel beams, the load being carried the diagonals 
while this being done. The excavation then widened its 
full limit. 

The “bench” shown each side the excavation serves the 
double purpose allowing for the construction the side sewers 
and forming break the pressure area measuring the thrust 
the bank. believed that, even where sewers are not required, 
wise precaution maintain some form bench near 
this point. 

The advantages this type bracing are that does away 
with the necessity using long, heavy posts and temporary, long, 
heavy beams, the longitudinal channel-beams make tie which 
gives absolute stability the shorter posting. 

The interesting feature Fig. 13, connection with this 
paper, that the heavy main brace, called the needle-brace, which 
runs from ranger was calculated the heaviest work 
the bracing, and was put the contractors nearly possible 
what they conceived the center the pressure. 
The writer thoroughly familiar with the work which this main 
brace has been called upon (in one instance spans con- 
tinuous excavation for six-track subway, and braces and carries 
the bracing for double-track surface line and double-track ele- 
railroad), and can say positively, from his own knowledge, 
that time have the contractors ever seen fit modify their 
first design putting this main brace near the top rather than 
near the bottom the trench. 

Fig. Plate II, view section this type brac- 
ing for four-track subway Fulton Street, Brooklyn, and Fig. 
Plate shows the surface lines and bracing carrying the 
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columns the elevated railroad, the supports which are turn 
braced directly the timbering shown Fig. Plate II. 

tunnel bracing, the writer more familiar with two general 
types timber-braced tunnels. One these the crown-bar 


Alternate Views: 
Right View shows Central Bottom Drift. 
Left View shows Lower Drifts on side to set in Leg for Wall-plate. 
Scale of Feet 
14, 


system, shown Fig. 14. not necessary more than call 
attention the general features this type. the ordinary 
crown-bar system customary drive the bottom drift ahead 
all other work and follow this closely with top drift, shown 
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Fig. 14. The bars are placed position this top drift, the 
poling-boards are driven off approximately shown, and the brac- 
ing erected the excavation proceeds. Where this type 
bracing used rock tunnels is, course, unnecessary drive 
bottom drift, and the arch timber bracing shown the left 
usually put underneath the bars soon the depth excava- 
tion corresponding the springing line the structure has been 
reached. thus seen from Fig. that, for the bar system alone, 
circular tunnel the size shown the outer ring could con- 
structed, whereas with the arch timber bracing remaining place, 
tunnel larger than that shown the inner ring could built. 

The disadvantages both these types bracing are that 
much space:is required beyond the limits the structure, and that 
impracticable fill the voids over the masonry, even where 
dry packing rock brick used; and virtually impossible 
backfill them properly with sand earth. Another disadvantage 
the very prolific cause settlement account the fact that 
the poling-boards not finally rest the plane which they were 
started. This gradual lowering the ends these boards neces- 
sarily causes loosening the material above and consequent settle- 
ment, with increased loading the bracing, and while these items 
may not material importance open country, they should 
given the gravest consideration where this system used under 
city streets. 

Where arch timbers have been used, few cases, con- 
nection with the crown-bar system, and put sufficiently high 
clear the outer ring the tunnel, has been sometimes customary 
run two bottom drifts ahead (as shown the left Fig. 14), 
setting supports for the wall-plates before the upper excavation 
has been made. There are some instances record which the 
wall-plate has been directly underpinned after being put place 
with load it. The writer has supervised the work building 
tunnels large diameter, and one the headings the arch 
timbers were used connection with the crown bars and after- 
ward removed; but the remainder the work with which 
familiar the arch timbers were used connection with special 
type timbering shown Fig. 15, all which was eventually re- 
moved, leaving the tunnel sheeting bearing directly the brick- 
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work. this type the arch timbers were underpinned from the 
masonry which was put centrally sheeted and braced trench, 
shown, the entire masonry the structure being built three 
successive stages, which the first that noted the bottom 
the trench. this method the outward thrust of. the bottom legs 
the arch, segmental timbers, precludes almost entirely the 
possibility any settlement while the sheeting for the middle 
trench being driven. dry ground there practically 
danger any settlement caused from this method under- 
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pinning, and the writer has supervised tunnels built safely this 
method, where the ground-water level was normally ft. above the 
sub-grade and had kept down constant and heavy pumping 
through sand. 

may interest state, connection with the action 
earth pressures, that almost always practicable set hori- 
zontal sheeting below the line, Fig. 15. cases where 
the sand moist and not too gravelly, very little difficulty ex- 
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perienced making the excavation for the width plank, but 
where the ground contains gravel, boulders sharp sand, 
necessary give some little protection the outer face this 
material while the next plank being put place. This protec- 
tion usually secured using thin strips, such barrel-staves 
splinters, backed hay used the form thatch. These splinters 
barrel-staves may pulled ahead each plank set place. 

Plate III photograph section tunnel braced 
arch timbers, five segments each. These timbers are 12-in. 
short-leaf pine, and are subjected great stress supporting 
continuous section the cast-iron roof (not shown the photo- 
graph), which has been cut out and jacked preparatory the 
admission new lining. The writer believes that this form 
timbering the most substantial that can introduced into tun- 
neling. 

The consideration the questions contained this paper has 
long been the writer’s mind, and has last decided pre- 
sent them, for two reasons: 

First, believes that the subject bracing and its relation 
earth pressures not properly provided for the ordinary data 
and formulas, and hopes, either this paper the resultant 
discussion, that the question may established beyond controversy. 
and basis which will practical value engineers and 
contractors. 

Second, believes that insufficient consideration given 
the subject bracing engineers general, being ordinarily 
deemed sufficient leave this question more less intelligent 
foremen; and, while not intended impeach any way the 
intelligence any foreman, for whose opinion the writer has 
many cases very high regard, thought that the subject one 
requiring more engineering consideration than ordinarily given 
it. 

conclusion, the writer wishes thank George Rice, 
Am. E., the Rapid Transit Railroad Commission; George 
Pegram, Am. Soc. E.. the Rapid Transit Subway 
Construction Company; and Mr. Cranford, Cranford and 
McNamee, for the use photographs, and for valuable suggestions. 
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rest after disturbance important factor considered earth 
adhesion row sheet-piling. The effects weather, water, 
frost, shocks, and vibrations must all reckoned with. 

city work, the evils due digging holes, opening ahead 
order show progress, are apt impressive where delay from 
various causes ensues, that perhaps job stands over winter 
longer. Quick operation spares many patient, and the thought per- 
sistently comes, with respect attempts formulating probabilities, 
that what might accurate, allowable, and advisable for energetic 
construction gang with clear field and all obstacles, legal and official, 
removed, might questionable when the above agencies have full 
play for considerable time busy street. 

The author sees fit reverse the customary two-thirds height, 
the authorities, and consequently increases the top relative the 
bottom bracing, shown Fig. This good thing emphasize 
practically. One reason that larger openings are thereby made; 
intermediates are not required; and buckets can have free swing when 
full speed upward; but, owing changes cleavage the earth, 
due the above causes, the writer believes that the center pressure 
will tend travel downward, and the proportions indicated will not 
preserved. The dimensions Fig. would liberal for pit 
ordinary width, say ft. 

The writer had occasion once watch contractor who used 
6-in. stuff throughout, depth about ft. About half way 
down, the bracing showed strain, and made this size about the limit, 
his experience. Two lines surface cars straddled the hole, and 
added substantially the packing around the sheeting, time went on. 

The writer has seen long, straggly braces, propped verticals, 
where the author’s sizes would not adequate, and where diagonals 
the ground were evidently needed. 

Fig. Plate gives view ft. depth after the removal 
plates moist sand. Whether under air pressure, and for how 
long time the exposure was made, not stated. This quiescence 
indicates lack pressure the underside tunnel tube, and 
presumably any similar foundation. assumed, then, 
that nothing gained increased depth foundation except greater 
compactness soil? 

The writer agrees that the use the crown-bar system under 
street leads slumps, and trouble general. Some years ago ob- 
served attempt made neighboring city experienced con- 
tractors. The soil was reliable, but the work had taken out 


DISCUSSION EARTH PRESSURES AND BRACING 


their hands, the interest safety the public. The arch system 
would possibly have been more successful. 

the writer constrained quote the opinion 
that great formularizer, Rankine, earth pressure. says:* 

“The properties earth with respect adhesion and friction are 
variable, that the engineer should never trust tables in- 
formation obtained from books guide him designing earthworks, 
when has his power obtain the necessary data either ob- 


servation existing earthworks the same stratum, experi- 
ments.” 


principal statement regarding the location the resultant the 
lateral forces retaining walls seems somewhat different from 
what most engineers have been accustomed use their 
tions. 

Does seem reasonable that material with certain angle 
repose will act manner entirely different from water that 
will change the location the resultant the lateral forces from 
from the base from the top? 

Does not seem reasonable that the maximum lateral pressure 
per unit should greater near the base? 

Mr. Jamieson, his valuable paper, “Grain Pressures 
Deep shows that the maximum lateral pressure per unit occurs 
near the bottom the bins. 

Goodrich, Am. Soc. E., his paper, “Lateral Earth 
Pressures and Related gives results similar those 
obtained Mr. Jamieson, and goes even far prove that 
the resultant the lateral forces between and 0.40h 
from the base. 

Mr. Meem illustrates his method locating the resultant lateral 
pressure assuming two triangular-shaped pieces ice lying top 
one another, and states that the resisting force, should ap- 
plied from the top, but, making the experiment will 
found that the may applied any distance above the 
apex and still cause equilibrium. 

There are many tangled, incomplete and different ideas regarding 
earth pressure and its action, and about time that something 
were done, the line extensive experiments, either Special 
Committee the American Society Civil Engineers some 
the leading universities, order establish the facts reference 
this matter. 


Assoc. Am. (by letter).—During Mr. White. 


the writer’s connection with the work constructing the subway 
Civil page 317. 
+ Transactions, Can. Soc. C. E., Vol. XVII, p. 554; also Engineering News, March 10th, 
1904, Vol. LI, 236. 
Transactions, Am. Soc. E., Vol. 272. 
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through Joralemon and Fulton Streets, Brooklyn, has frequently 
discussed with Mr. Meem his theory earth pressures, and, although 
first held more nearly the generally accepted view earth 
pressures than that advocated Mr. Meem, has come believe 
that his general views, when applied the pressure exerted ma- 
terials without hydraulic properties, but with least the cohesiveness 
moist sand, are more nearly true than those accepted the design 
retaining walls since the time Rankine. However, Mr. Meem 
says would not apply his methods the designing retaining walls. 

The photographs the paper give ocular demonstration the 
fact that earth pressures not ordinarily increase with the depth, 
but that, the contrary, undisturbed material, they are almost 
zero the bottom the trench. with this point view that 
Mr. Meem has solved successfully numerous difficult problems 
connection with the subway Brooklyn. Along Fulton Street, 
particular, long line buildings had underpinned, and the 
elevated railroad, trolley tracks and numerous pipes had sup- 
ported. This work has advanced far now, and Mr. Meem’s methods 
have been used large scale, that can fairly said that his 
ideas and methods sheeting have been demonstrated experimentally 
very large scale. 

true, Mr. Meem says, that sheeting and bracing used 
tunnels and open excavations are usually placed foremen 
somewhat haphazard and happy-go-lucky way. some cases the 
writer has seen enormous quantities timber used accomplish 
results obtained Mr. Meem with much smaller quantity, designed 
and placed carefully his methods. the former 
bracing foremen have been allowed place timbers wherever they 
thought them necessary, with the result that the trenches were en- 
cumbered with mass timber which seriously handicapped the 
placing steel and masonry. 

will amply repay any engineer make careful study Mr. 
Meem’s paper and the methods used him. The most severe test 
his methods was the Joralemon Street Tunnel, where the double- 
track subway was excavated through coarse sand, and close 
proximity various flimsy buildings, without damaging them any 
serious extent. addition, the cast-iron tubes the Brooklyn side 
the Battery Tunnels were reconstructed under his direction. Such 
reconstruction considered the writer feat which has never 
before been attempted, but Mr. Meem’s modesty prevents him from 
giving the importance deserves. There field engineering 
where poor and slipshod methods can accomplish the waste much 
time, money and even life that timbering and bracing soft 
ground. Mr. Meem has made considerable advancement tunneling 
through soft ground, and bracing deep trenches. 
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Assoc. Am. Soc. (by letter).—This paper mr. Haines. 
has proved great interest the writer, has been connected for 
several years with work requiring excavation large quantities, 
sheeted and open cuts, shafts, drifts, and has had opportunity 
observe the action the materials under varying conditions; and, 
having contemplated writing paper the subject, presents the 
substance now, discussion Mr. Meem’s paper. 

Some time ago, after consulting all the available writings the 
subject earth pressure, and being unable reconcile the results 
with his own observations, the writer became convinced that the com- 
mon theory was erroneous, and that practical formula could 
developed considering earth (unless either dry saturated 
considered solid body, the characteristics which possesses. 

The writer will endeavor illustrate the result number ob- 
servations “slips” “caves,” both sheeted and open cuts, 
and give his conclusions thereon, the hope that they may 
some assistance developing practical formula for pressure. 

excavating open cuts without sheathing, with the sides nearly 
quite vertical, slips frequently occur, the form the fracture 
being very uniform (for the same material), and shown Fig. 16. 


16. 17. 


After the slide has subsided, come rest, will have assumed 
form such shown Fig. The top surface, will frequently 
found inclined shown, and quite large volume the material, 
quite undisturbed. The distance, usually about one- 
half and, for any one material, keeps very closely constant. 

very frequently noted that the toe the fracture occurs 
(Fig. 16), some little height above and the writer was for some 
time unable assign reason. This will considered later. 

The plan the slip generally the form shown 
Fig. 18, while the vertical elevation the face shown 
Fig. 19. may also noted that any material except dry 
sand, saturated ground, one may excavate certain depth 
without danger slides; but, upon going deeper, slides are very apt 

Taking next the case sheeted trench: will usually found 

for some little depth, the sheeting can driven easily, and with- 
out evidence much pressure. The pressure then becomes evident, 


Mr. Haines. and crack appears the surface, shown Fig. 20, although the 
line rupture may not appear the bottom, even the earth 
exposed below the sheeting. 

Again, with sheeting driven some depth, and kept tightly 

keyed and filled, cave will often occur the bottom, shown 

Figs. and 22, the planks are not kept well footed, and this with- 

out showing any sign fracture the whole bank, the bottom 
the 
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Fie. 18. Fia. 19, Fra, 20. 


Again, the surface, after the first crack (in Fig. 20), may not 

farther back, even though the excavation continued con- 

siderably greater depth. 

the case tunnel heading drift, frequently found 
that small driven with perfect safety; but, upon at- 


Fig. 21. 22, 


tempting drive larger section the same form, the same ma- 
terial, falls are frequent occurrence, and appear about Fig. 23. 

Taking also the case shafts pits, will frequently found 
that circular pit can sunk some little depth, without caving, 
material which square pit trench will cave badly, shown 
Fig. 24. 


The three main classes excavation have now been mentioned: 
longitudinal trench, horizontal drift, and vertical pit; and, with- 
out carrying the matter further, the writer would state that not 
one these cases there the slightest evidence either force 
similar hydrostatic pressure, one similar that required 
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the theory for finely-granulated mass. After the fall occurs, other mr. Haines. 


conditions remaining unchanged, further action takes place, often 
for extended periods time. 

The writer has examined many falls, under all the foregoing con- 
ditions. quite number them has had occasion take 
measurements, and has been impressed with one feature common 
all, namely, the shape the fracture. nearly every case, cross- 
section the fall, one any direction, the form curve 
approximating segment circle. other words, the fractured 
area forms portion the surface sphere. 

This fact important. totally inconsistent with the theory 
for fluid pressure, that for fine granular mass; but per- 
fectly consistent the earth considered elastic solid body. 
This assumption may properly made, mass earth its un- 
disturbed state possesses the same properties cohesion, weight, 
tensile, compressive and shearing strength, does mass sandstone, 
but much less amount. 

The application this the writer will now attempt show. 


Fig. 28. 


cube stone, other solid granular structure, sub- 
mitted compression between two parallel plane faces, will fail, 
first shearing out the sides, along the lines, Fig. 25, 
substituted, with the load applied Fig. 26, will shear off from 
but, the load applied Fig. 27, and free move 
laterally, will shear off from shown. 

Now, this exactly what takes place with bank earth, modi- 
fied the fact that such bank must itself furnish the destructive 
agency, the weight necessary cause the shear. 

known that the greatest area contained within given 
perimeter when circle; also, that the greatest volume 
contained within given superficial area when that area forms the 
surface sphere. Herein lies the secret the spherical fracture. 


A | 
C Fie. 25. 
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illustrate: take bank earth caved shown Fig. 28, sec- 
tion and elevation. 
=the weight per cubic foot; 
=the volume, cubic feet; 
shearing strength per square foot; 
and spherical surface, square feet; 


and 


Therefore, the weight the volume varies the cube the depth, 
while the area varies the square the depth; and, being easily 
obtainable, the value were the value could 
found once, and thus the depth which could excavated without 
any caving the bank. This would practical value, however, 
would not remain constant, but would change under weather 
and other influences, some cases reducing nearly zero; im- 
portant, however, the respect that determines the section the 
volume causing fracture, and, consequently, the pressure against any 
medium designed for its support. 


A 
Fig. 29. 30. 


‘an extension the spherical form, caused continued falls, the form 
the cross-section remaining unchanged. still remains semi- 
circle, and explains why the crack the top bank appears 
distance back equal about one-half the depth, since the depth equals 
twice the radius the curve fracture. 

the case unsupported face, Fig. 29, the fracture 
does not complete the semicircle, but breaks out from 
the distance shorter, and, consequently, the line one less 
resistance. 

The tendency complete the curve, however, shown clearly 
many slips the decided overhang the top, and shown 
perfectly the case cave the bottom side sheathed trench, 
Fig. 21; the distance, seldom being much excess 
the sheathing has been kept keyed tight. short, the earth docs 
not “fall,” but shears and slides out, revolving around the point, 
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Fig. 28; and, unsupported bank, the top surface will always mr. Haines. 
found top after the slide has subsided, was shown Fig. 17. 

solid rock, carried sufficient depth, would act the same 

manner, 

simple experiment will show the action which takes place. If, 
within hemispherical cavity, there placed hemisphere the 
same size, with its plane surface vertical (as shown again Fig. 28), 
certain pressure exerted below will maintain its position; but, 
the pressure removed, the hemisphere will revolve until its plane 
surface becomes horizontal, shown the dotted line. 

Mention has been made the fact that the bank frequently 
breaks out Fig. 29, instead This may influenced 
the change the line resistance, from though the 
writer does not now see how, but believes due the increase 
the density the material with increase depth, and the tendency 
follow the line least resistance. not important, however, 
the greatest area contained within the lines, 

The author has presented very simple theory, and straight-line 
formula for pressure; but appears the writer 
for the following reasons: 

First.—It assumes, effect, material devoid friction, which 
can hardly assumed. Even material bearing large quantities 
water, the adjoining excavation drains the excess water, and the 
bank develops large amount frictional resistance. 

Second.—The section the bank causing pressure not bounded 
straight line, but curve, has been shown, part all 

Third.—It based angle slope for the material, which 
factor not existing cut, but only fill, and then only when 
freshly made. The writer has frequently cut off the base em- 
bankment which had well-defined angle slope when deposited, 
and, although slips sometimes occurred, they did not extend the 
top the bank, but broke out shown Fig. 30, The writer 
will admit that, given sufficient time, the face excavation would 
assume the same slope would the material placed embank- 
ment. not due any cleavage plane the material, 
but the action the elements. The surface loosened the rain, 
frost, and sun, and then water, wind, and the force gravity move 
the loosened material, and pile the base the bank its 
frictional angle repose, Nature simply doing, after long time, 
what Man, forming embankments, does once. 

The writer recently examined borrow-pit, work with which 
was connected fourteen years ago. The cut was ft. deep, 
the slope being left rough, anywhere between vertical and 
material was principally sand, and the cuts the railroad, the 
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same material, were sloped Numerous slips had occurred 
this bank, all showing the curved line fracture, but large portion 
the face still stood practically intact. 

appears the writer that the pressure against sheathing 
entirely due arch action, and that consideration the curved 
line fracture should found the basis pressure formula. 

Let Fig. illustrate sheeted cut, caved the bottom along 
The volume, forms one-half perfeet arch with 
semicircular intrados, and the crown thrust taken the timber- 
ing and the compressive strength the earth. This holds good for 
any position the line fracture, shown the dotted lines, and 
the arch will stand, unless the cave extend close the top, 
that the pressure exceeds the compressive strength the earth, or, 
the concentration pressure causes shear, crushing the 
area, The lines compression must follow closely the lines 
fracture, for, while the crushing value fairly high, the value for 
shear quite low, and any inclination the compression the 
fracture line would cause shear and continued falls the material. 


Fie, 32. 


Considering the line fracture the line compression, the 
pressure any point against the plane, can easily computed. 
This can done graphically very quickly, shown Fig. 32. Let 
the line, the center line arch strip unit section, 
and let equal its length. Also, let equal the unit weight the 
material. From (the center gravity the line, draw B-G, 
vertical, equal some convenient scale. Completing the 
triangle forces, and B-E are equal the resultant the forces 
and respectively; and equal the horizontal com- 

Assuming, for purposes comparison, that and solving 
multiplied the actual value for any case, equals the pres- 
sure for that height. This shown Fig. 33, the line, well 
the same factor for the author’s method (assuming natural slope 
1), and the common theory for hydrostatic pressure, the 
line, 
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The area, Fig. 31, however, has not yet been considered. mr. Haines. 


This section, directly, cannot cause any pressure because its 
area that point zero. Indirectly, however, does exert pres- 
sure along the whole height, due its dead weight, this pres- 
sure being zero and maximum The total amount 
arch thrust from this area can found taking center 
moments and computing the thrust The writer believes this 
distributed, varying uniformly from and, converting 
its value the form triangle, and adding the line, 
Fig. 33, the line, obtained, giving the total coefficient and 
the unit pressure any height. 


u 

Coefficient for unit surface.(lines A,B,C,D.) 


0 100 200 300 400 500 600 7090 800 
Coefficient P,for unit length wall.(line £.) 
33. 


will noticed that this line gives pressures about half great 
those the author’s formula, and the writer believes that these 
are more nearly correct. has never seen anything indicate the 
extreme pressures shown the author’s formula, and Mr. Meem states 
that seldom necessary use timbers large required that 
formula. 

Since the value any theory depends upon its application dif- 
ferent conditions, the results, the one proposed the writer, will 
compared with the conditions found practice widely different 
cases. 

Taking first shaft: the material fairly uniform, and the 
shaft can excavated depth equal its clear width without 
falls, there little danger falls greater depth, and the reason 
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Mr. Haines. hemisphere, described any side, not heavy enough cause shear 
over its surface, there little danger larger fall (as shown 
the dotted line), for would then also have crush ring the 
material, The pressure likely found, then, any 
depth, due local falls, and equal the arch thrust, shown 

Fig. 33, for height equal the width the shaft. 

Fig. also shows why circular shaft the safest form, the 

hemisphere dangerous weight has already been removed each 

side, and the earth can fail only the crushing the material. 

The writer, few years ago, watched with considerable interest 
the excavation, moist sand, well, about ft. diameter, with- 
out the use sheathing. After the excavation had proceeded few 
feet wooden templet was placed, and 8-in. brick lining was built 
the surface. From that time forward the excavation proceeded 
cutting under the templet, and the bricklaying was continued 
the top, until, when last seen the writer, depth ft. had been 
reached. There was evidence crowding, pressure, and the 
ring sunk readily, although the excavated material took slope 
about The foreman stated that had often used this method 
for much greater depths. 

Taking also the case tunnel drifts ordinary material, 
shown Fig. 35: the sides, only, were solid rock, fall might 
abandoned mine workings, where falls are frequent occurrence, the 
writer has found these conditions fulfilled, the earth seldom breaking 
back the supporting rock, and and the height (unless 
the spherical surface broken boulders) not exceeding one-half 
even though considerable water flowing. the case 
drift clear earth, however, the timbering cannot kept perfect 
contact with the earth, and after the portions, 
have moved, there remains the section, without support, 
except its cohesive strength, and falls. 

Thus seen that firm ground the section causing pressure 
drift described, from the axis the drift, semicircle, 
with radius equal one-half the sum the height and width, and 
completed two quadrants, described from and with radius 
equal one-half the height. Now, the actual pressures: The 
pressure against the cap, Fig. 36, due the dead weight 
the volume, and varies the ordinates between the lines, 

The pressure against the side, however, does not vary the 

ordinates the curve, but due the arching action the material, 

shown the line, Fig. 33; and probable that most the 

total pressure for the height, concentrated against the height, 


DISCUSSION EARTH PRESSURES AND BRACING 


clearly practice the fact that always necessary strut be- 
tween the top the legs the bents (unless they mitered, en- 
tered into the caps), while the bottom they rest simply mud-sill. 

Considering next the case open cuts: The author has men- 
tioned the case where may necessary undercut the side 
sheeted trench, shown Fig. 37, and the writer recently saw such 
case, the work being done the author with perfect success. After 
the cut had been about ft. depth, was found neces- 
sary excavate gallery, about 200 ft. long, ft. high and ft. 
wide, along the side the cut the bottom. This was done using 
poling boards from supporting them wall-plates and posts, 
and short vertical sheeting from This gallery was under 
street carrying double-track trolley line and heavy wagon traffic, 
and tremors from nearby elevated railroad structures could plainly 
felt. The material was compact gravelly loam, with some small 
boulders. There was absolutely evidence any pressure against 
the earth being exposed sometimes for several feet, and the plank 


Fia, 34, Fig. 35, Fie. 36. Fie. 37. 


placed hand. There was some evidence load the poling boards 
from but nothing like the full weight the material above 
them. There was evidence considerable load the posts 
however, and also ‘considerable thrust, laterally, the timbers, 
and shown the fact that points given the timbers, for 
use the construction, moved from in. This exactly what 
might expected from the arching the material, as, the axis 
the arch being the line, there both horizontal and vertical 
component the thrust against the sheeting, shown the curved 
lines thrust. 

Thus far, the writer has confined his examples what may 
termed stable material. will now further, and say that ap- 
plies equally well any material. 

Taking first the case dry sand: the work the Atlantic 
Avenue Improvement, Brooklyn, which the writer was Resident 
Engineer division, was necessary excavate trench about 
miles long, ft. wide, and about ft. deep. each side the 
cut was line railroad track, carrying locomotives and heavy traffic, 
the center the tracks being some cases only ft. from the sheet- 
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ing. one side the cut, in. from the sheeting, there was also 
48-in. water main under pressure. 

The contractor, wishing withdraw much the sheeting 
possible, placed two lengths. The top part was composed 
20-ft. planks, and the lower part was pieced out with planks, 
set about ft. the ground the bottom, and held the top (from 
ft. above) cleats nailed the under side the bottom 
rangers. The material varied greatly, but sections consisted 
sand clean and fine that filtered through the cracks the sheet- 
ing and piled the bottom. worse set conditions could hardly 
conceived, yet none these light boards failed, nor did they show 
signs great pressure, although 10-in. rangers cracked, near the 
top the cut, number cases. referring Fig. 38, the 
reason will made clear. vessel filled with fine sand, and 
opening made the side, shown the sand will not flow 
out unless the height the opening exceeds two-thirds the thick- 
ness the wall; but, larger opening made, the sand 
will flow and pile until its angle slope reaches the top the 
opening, and more will then flow out. Within the vessel, the action 
still goes on; the sand falls from the bottom the arch, and piles 
the bottom, until finally breaks out the top. This purely 
arching action, the falling material serving support the base 
the arch and building new arch deposited, the lines 
pressure being more clearly shown Fig. 39. 

The writer traced the line first crack, both sides the work 
just mentioned, the block paving the street, for nearly the entire 
length the work, and the ratio width depth appeared 
entirely independent the character the material; and, although 
the railroad track was sometimes within and sometimes without the 
fractured area, the first crack appeared very closely distance back 
equal one-half the depth the cut. 

Turning now saturated material: the construction 
section subway, New York City, trench was excavated about 
ft. wide and ft. deep, through ground which some time had 
been filled into tidal water. The top surface the ground was ft. 
above mean high water, and the water appeared that depth the 
excavation, and constant pumping was necessary. The excavated ma- 
terial was soft that would slop out the buckets, and the laborers 
had work rubber boots. The sheet-piling was driven pile 
driver, and the bottom ft. the cut was rock. After the 
excavation was complete, crack, about in. wide, appeared 
distance back somewhat less than half the depth the rock. be- 
came evident that the timbering was under some stress near the top, 
but would have held safely had not been for unfortunate acci- 
dent which destroyed the timbering, and the cut caved in, one 
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side for about ft. length, and somewhat less the other. The mr. Haines. 
material from these slips assumed such flat slope that the two sides 
met the bottom the cut, and piled shown Fig. 40, leav- 
ing exposed height about ft. the cave one side. The top 
overhung the face, ft. below, nearly ft., notwithstanding the 
fact that the base large pile rock was within ft. the edge, 
and part the footing for stiff-leg derrick was actually beyond the 
exposed face below. was several days before all the timbers could 
replaced, and the slide refilled, yet stood this condition. The 
writer had number measurements taken, and, all things con- 
sidered, was the finest example the spherical fracture has ever 
seen. 


Fig. 38. Fia. 39. _ Fie. 40. 


mass saturated earth closely resembles mass wet con- 
crete, and Plate photograph, showing cave the latter 
material, due insufficient bracing the forms. The thickness 
the wall was ft., and the cave extended ft. deep, the top being dis- 
turbed for about ft. back from the form. The disturbed portion was 
all within the line drawn the photograph, and the vertical face 
the fracture clearly shown The portion marked slightly 
overhung the fracture below. The concrete was placed quite wet, and 
none had been placed more than hour, that could hardly 
said have set. 

Taking, then, the design coffer-dam, with sheet-piling driven 
some depth, Fig. (a): the water pumped down, 
there uniformly increasing pressure against the sheet-piling, 
shown Fig. (b). Below the level the point, the material 
may either two conditions, which may termed water 
filled with earth, or, earth filled with water. the first case, the ma- 
terial what called mud; not fluid, nor does act one. 
insoluble mineral matter, and its presence the fluid does not 
increase the density the fluid, its hydrostatic pressure, any more 
than would the grains were widely separated, and points away 
from the sheeting. The water forms perfect film against the sheet- 
ing, the same would box filled with billiard balls; and the 
pressure diagram for the water extends the bottom shown 
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pressure against the sheeting, the same manner dry sand. The 
water leaking through the sheet-piling, under the bottom, however, 
carries with some the earth, and tends destroy the arch; and, 
unless more material added, allow rebuild itself, and the 
sheet-piling kept well footed below the limits the excavation, the 
arch will entirely destroyed, and the unbalanced pressure from the 
other side will move the dam and cause its destruction. Thus there 
is, this case, the arch pressure for the height, added the 
hydrostatic pressure, shown The amount the pres- 
sure, however, reduced the buoyant effect the water, and the 
value used with the coefficient the difference between the 
weight the water and the earth. 

The second condition mentioned—that earth filled with water— 
covers such material shale, some clays, compact earth, and gravel. 
This material, while passes water somewhat resembles 
series screens, all made wire the same size, but different 
mesh, the finer mesh being the top, and increasing size down- 
ward. This applies large number materials, the finer and more 
compact material having been deposited the top, and the writer 
has often produced this effect artificially covering clay, 
canvas mat, straw and manure, chaff, 


Fig. 41. 


this case, the pumping tends remove the water faster than 
can enter the surface the earth, and prevents any hydrostatic 
pressure below The water-pressure diagram shown 
Fig. (c). Below the point, there the arch pressure due 
the earth, but also carrying the weight the column water, 
use with the coefficient, must included the weight the 
earth, Fig. (a). The pressure diagram, then, com- 
pleted the triangle, and, the depth the water very 
great, the pressure below for distance, may even exceed that due 
the hydrostatic pressure, shown the dotted line, 

subaqueous tunnel work, with shield, and under air pressure, 
there obtains, probably, the worst set conditions. Let Fig. rep- 
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resent such case. Here, there are peculiar conditions. the air Haines. 


“pressure made equal the head water the top the tube, 
water will enter below that point, while, the 
pressure made great enough keep out the 
water the bottom, the air will escape rapidly 
above that point. these things tends 
destroy the arching effect the 
common practice keep the pressure about 
equal the head water the center the 
tube, and allow some water enter. This 
causes softening the material, with conse- 
quent settlement, and the whole mass probably settles down along the 
lines, The excess air pressure the top causes erosion 
the material, and “blow-outs” occur, followed reduction air 
pressure. This reduction pressure causes rush material toward 
the tube, and partially restores the arch just destroyed. That the dis- 
turbance purely local shown the fact that relatively small 
amount clay, dumped the water, sufficient close the break, 
and allow work proceed, which would not the case one con- 
sidered the angle slope which the material would stand. 

the air chamber, the shield being perfect arch, and also air- 
tight and water-tight, there arch earth over the shield which 
not subject disturbance, and probably carries most its own 
weight. Were this not the case—the material the bottom being 
much softened the incoming water—the weight the top would 
cause dip the shield which would not possible control. 
Back the shield, however, the rings placed are not tight, and the 
air escaping the top and the water entering the bottom cause 
continuous disturbance the earth, and the rings probably carry 
large portion the weight, the water being taken care the air 
pressure. Back the air locks, where the air pressure has been re- 
moved, the action both water and earth downward; and, the 
joints are made tight, the earth becomes perfect arch, supporting 
most, all, its own weight, and the rings are subjected simply 
the hydrostatic pressure the water which passes through the earth. 

Fig. 42, then, also shows why tube tunnel, under these condi- 
tions, fails rise, but settles instead; for, rise, would not only 
have raise all the material included between but also 
shear all the material along D-F and and this factor, even 
material which has been deposited the bottom water, 
small amount. short, makes difference whether the water 
filled with earth, the earth filled with water; the action each 
independent, and, while they may act unison, they not, and 
cannot, act unit. 

The writer has not had any experience beyond the air locks; but, 
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Mr. Haines. for several years, has been closely associated with those who have; 
and understands that all the foregoing conditions hold good. 
has seen, back the locks, rings badly cracked and distorted that 
seemed doubtful line compression could drawn which 
would remain within the section the ring. appeared evident 
that, while the ring had carried great load, was then most ser- 
vice preventing erosion the earth and maintaining the form 
its arch. 

The design retaining walls will considered next, since 
that respect that pressure formula probably most used. The 
results first glance are startling. known, however, that many 
walls have failed when apparently they should not; and the writer 
believes that his theory shows why. has.probably been noticed that, 
while the theory has been developed from revolution the mass 
earth, the pressures have been computed arch thrust. This not 
inconsistent, first appears, for, exert pressure against ver- 
tical plane, the mass earth must develop weight enough cause 
fracture and revolution the mass, since, does not, the bank will 
stand vertically itself and exert pressure. all the cases thus 
far taken this revolution can easily take place; because im- 
possible get perfect contact between the earth and the supporting 
medium; the slightest movement the mass, however, causes crushing 
the the bottom, and the portion above its frictional angle 
repose once becomes arch. 

the case retaining wall, the filling placed from the bottom 
up, and, well compacted, and the wall sufficient section, 
there will chance for the mass revolve. The shearing strength 
the material will take most the weight, and there will 
arch thrust against the wall. This shown clearly many cases 
the shrinking the material away from the wall. If, however, the 
wall moves, sliding its base, even little; or, water, passing 
through the weep-holes, away small amount the material; 
or, tide water working behind the wall and settling the mass, 
the arching effect the material comes into full play, and the wall 
overturned from the top. 

Two conditions, then, have provided for: the first tending 
slide the wall its base, caused the revolution the mass 
earth. This force, the instant the mass moves, equal the entire 
weight the mass revolving around point one-half the height, 
five-eighths the radius from The path its revolution from 
There is, then, the pressure diagram, Fig. (b), 
the wall, and tending slide its base. The height, five- 
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sixteenths the total height, and shows why, experiments, the Mr. Haines. 


resultant found about one-third the height. 

There may also be, has been seen, arch pressure tending 
overturn the wall, shown Fig. (b) the triangle, 
There are, then, two conditions, both which cannot occur once, 
but either likely occur; and the wall should able withstand 
either one; but, present designed, seldom is. The modern, 
light, reinforced wall, usually designed, and shown Fig. 44, does, 
however, fulfill these conditions remarkable degree, for, slide 
its base, would not only have overcome the friction along its 
base, but, also, crush the material the toe, shear the earth 
along horizontal plane from and this toe well removed from 
the fracture line, overturn the wall, also, from the arch 
action, would not only have lift the volume earth, 
but also shear the full height, unless the soil fails compression 
which possible, and should considered the design. 

F B D 


Fie. 43. Fie, 44. 

The writer believes there but one case where impossible 
compute the maximum pressure against retaining wall, and that 
where the material stratified and sloping toward the wall. the 
material water-bearing, and overlying rock, clay, breaks away 
and moves toward the wall; and the volume which would thus move, 
and the slope the strata, could determined advance, then the 
maximum pressure could determined. But these breaks often 
occur several hundred feet back, and the writer has known the break 
even 1000 ft. the slope. 

practice, the conditions for maximum pressure not often 
exist, but they should considered. They exist sometimes, and the 
wall fails, this being usually attributed faulty foundations, which 
rather poor excuse, and cannot often proved. 

There little literature the subject earth pressures, but 
the writer has found most little value, being most cases 
flatly contradicted experience. Almost without exception, 
based either Coulomb’s theory wedge greatest pressure— 
which the writer ventures assert does not apply material 
granular structure—or, hydrostatic fluid with weight equal 
earth. This, the writer contends, cannot apply, because, the material 
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being insoluble, order that may act fluid, becomes neces- 
sary that each particle carried suspension the water; but, 
order this, its weight must reduce that the water, and the 
pressure becomes that water only. 

presented before the Institution Civil 
the late Sir Benjamin Baker, Hon. Am. E., contains the 
results number experiments, and, what more value, de- 
walls which stood, and walls which failed, together with 
the conditions existing. The writer has found this paper nothing 
directly contradictory his theory, but much tending confirm it. 

reference the cracks some miles deep-timbered 
trenches and tunnels, Sir Benjamin Baker stated that, each side: 

“The slope these fissures was uniformly the angle 
measuring from the bottom the excavation, that the resident en- 
gineer professed able foretell with certainty where building 
fence wall, standing over the tunnel, would crack most.” 


also stated: 


“Assuming this represent Coulomb’s line least re- 
sistance, then the natural slope repose the material would appear 

Trautwine, also, has called attention the fact that some walls 
show bulging about one-third the height, and that all walls tend 
become vertical spite the batter. Neither these facts can 
reasonably explained Coulomb’s wedge greatest pressure, 
hydrostatic theory. 

few years ago, the writer built retaining wall which failed; 
but, all the existing theories, should have stood. This wall was 
bridge abutment river crossing. was about ft. high, and 
was founded solid rock. The base was 42% the height, and the 
face had batter in. per foot. The wall had section the form 
triangle, with the apex ft. above the The parapet 
behind the bridge seat was in. thick, and the back line was brought 
vertically down intersection with the triangle. The masonry 
was cut stone, courses from in. thick, laid cement 
mortar, and most Flemish bond. The back-fill was placed 
horizontal layers, wheel-scrapers. This abutment stood perfectly 
for six months, until subjected 10-ft. rise the stream, when 
appeared the bank, distance back somewhat less than half 
the height. The wall was checked up, and found have moved out- 
ward in., but did not then incline outward. One week later the 
base was the same position, but the top inclined in. outward from 
its original plane, and some the courses were shoved 

seemed evident the writer that the softening thé bank 
the water had caused shear and movement the wall, followed 
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the arching action the dry material above and the overturning Mr. Haines. 


the wall. This abutment was torn down, and rebuilt with base 
50% the height. tearing down the wall, and removing the back- 
fill, the crack the bank, with the characteristic curved fracture, 
could traced nearly the bottom, and support was given the 
bank either during the removal rebuilding the abutment. 
soon completed and the back-fill replaced, the bridge was erected, 
and the writer has always been puzzled know whether that abut- 
ment was actually holding the bridge, the bridge holding the 
abutment, and also, what line reasoning the responsible parties 
arrived the conclusion that wall, which had failed utterly with 
base 42% the height, would safe (with reasonable factor 
safety) the base were increased 50% the height. 

presenting this theory, which believed new, the writer 
would state that, while the matter has long been his mind, its 
actual preparation has been made rather hurriedly. 

would also call attention the fact that the theory makes 
use but two factors, namely, the weight the earth, which can 
always obtained, and the curved line fracture, which has 
observed many times lead him believe that follows 
natural law, has attempted show. 

Since writing the foregoing discussion, the writer’s attention has 
been article* Mr. Steel, describing the apparatus 
used, and the results some experiments earth pressures. 

The apparatus was size larger than usual, and was designed 
test the pressures different points the height bank 
earth. The results are interesting, and the following abstracted from 
Steel’s description: 

“The diagram gives the results the experiments with 
damp earth. will seen that the pressure against the upper 
measuring board increases much more rapidly than that against the 
lower one. For this reason the series was discontinued shortly after 
the upper balances indicated greater pressure than the lower ones. 
was supposed that this was due the earth clinging the sides 
the pit, like the sand molder’s flask, and not settling freely. 
avoid this the cohesion was destroyed spreading the earth upon 
asphalt pavement. the aid convenient draft was 
completely dried about two weeks. 

“The experiments were repeated with this dry earth, but again 
the pressure the lower boards was less. This series experiments 
required two days’ time, and during the night the tangential com- 
ponent the pressure the upper board fell off about lbs. This 
might have been due readjustment the mass the earth, but 
seemed probable that might have been caused some meddle- 
some boy. get check this and the difference the pressure 
the two boards, the series was repeated exactly, and laborer en- 
gaged that could finished one day. The drop did not 

News, Vol. 261, October 19th, 
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The point which the writer would attention the fact that 
Mr. Steel had here perfect example the arching loose material, 
for, the material being thrown loose, the compression the bottom 
material the weight above it, and the friction the mass settling 
against the boards, threw the upper portion into action arch, 
and, had the experiment been continued, some very valuable results 
might have been obtained. 

is, his paper striking example the extent which one 
governed precedent, for, his apparatus being designed accord 
with Coulomb’s theory plane rupture, his mind was unable 
accept any results inconsistent with that theory, and the experiments 
were stopped. 

Until investigators can bring themselves make their deductions 
from observed facts, and not try and make the facts fit some pre- 
determined conclusion, really valuable results any line can 
obtained. 

conclusion, the writer thinks that the thanks this Society 
are due Mr. Meem, for his paper; and, while does not agree with 
the author’s theory for pressure, believes him perfectly right, 
the case sheeting, placing the base his pressure triangle 
the top, instead the bottom. The writer also has the greatest 
respect for the author’s system timbering, for, from personal ob- 
servation, can state that performs perfectly the functions for 
which designed, while some, least, designed accordance with 
the common theories, fails utterly, and more shows stresses far 
excess those for which was designed. 


very practical and valuable contribution the scanty literature 
this subject. 

subject with which the speaker not very familiar, but, during 
the last twelve months, having had occasion investigate the strength 
mine timbers, has found voluminous literature telling how 
frame the ends timbers, but hardly anything suggestive method 
their stresses. 

The speaker believes that the anthracite coal regions there are 
some practical “rules-of-thumb” (they can hardly called formulas) 
use the mine foremen for computing the sizes timbering 
depth 500 1000 ft., although these rules are largely modified 
personal judgment. interesting note that the one most 
commonly used Eastern Pennsylvania the line with Mr. Meem’s 
theory, although applied depths very much greater than those 
the trenches mentions. This rule follows: order deter- 
mine the safe distance between the rooms anthracite coal mine, 
that the distance from center center rooms should 
the distance below the surface the ground plus five 
the thickness the overlying seams, the whole divided two. 
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The main point interest that this formula contains two ele- Mr. Llewellyn. 


ments, the first being function the total depth, and comparatively 
insignificant, while the second, being function the thickness 
the overlying seam, the main factor, which would seem support 
Mr. Meem’s theory that the pressure does not increase any rate 
direct proportion the total depth. 

has been stated that was unfortunate that there had been practi- 
cally large tests lateral pressures pilings trenches and else- 
where, and the speaker desires state that the company with which 
connected now arranging conduct somewhat extensive 
series experiments driving steel sheet-piling, and excavating 
depth ft. present cannot say what arrangements will 
made for the dissemination this information, but satisfied that 
the results will presented the engineering profession fully 
possible. 


Kennarp Am. Soc. E.—The author gives 
formula, for calculating the strains the bracing for open cuts 
trenches, based the angle repose the material, but does 
not state how find this angle, and, the best, could only 
guessed at, for, while would easy ascertain the angle for any 
loose material after had been removed from the trench, would 
seem impossible determine advance the excavation, 
every foot underground likely disclose new conditions. Again, 
this assumed angle only holds good for dry material, the author 
states, but there are very few cases excavation where underground 
streams are not encountered; and water mains are likely burst, 
and even thunderstorm apt cause disastrous results. 

quite true that sometimes safe remove the bottom 
braces; fact, the speaker has dug pits for elevated foundations 
Brooklyn from ft. deep without any bracing all, but they 
were immediately filled with concrete, and, although difficulty was 
experienced, not example followed, even Brooklyn, 
and certainly not New Jersey. 

good hardpan, under air pressure, the speaker has excavated 
depth from ft. without any bracing, but many cases 
would suicidal this. Most New Yorkers must have seen 
banks quicksand from which the water has been drained standing 
with perfectly vertical face, and, when this condition, course, 
there would strain whatever the bracing, and yet slight 
disturbance would cause, and has caused, such banks collapse with- 
out warning, and the daily papers have reported many cases this 
kind where laborers have lost their lives. 

quite true, the author states, that there are many cases 
where his formula would not apply, the only excuse for this dis- 
cussion the fear that some young engineer may overlook the excep- 
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tions, and design his bracing the formula, guessing the angle 
repose. 

The experienced man will probably prefer rely his own judg- 
ment, every case has studied itself, and the more one has 
with earth water pressures the more respect has for their 
power and the less liberty takes with them. There probably not 
experienced foundation man the country who has not seen 
coffer-dam bracing collapse, sometimes the bottom, sometimes half 
way up, and elsewhere. 

discussing fluid pressure, the author doubts the full hydro- 
static pressure would found the bottom. This subject which 
has been before the speaker for many years, connection with deep 
cellars. has put cellar floors from ft. below water, and 
the conclusion that some cases the full pressure does not occur, 
many does, while others the pressure much greater than the 
hydrostatic head would call for. 

pneumatie caissons quicksand New York City, where the 
are sunk with little disturbance the ground possible, 
found necessary keep the air pressure almost exactly the 
theoretical water pressure. Many want calculate the pressure 
from 100 per cu. ft., the weight water and sand. 

The speaker has seen coffer-dam 8-in. tongued and grooved 
sheet-piling driven several feet below the excavation before the dig- 
ging started, braced with 12-in. walings, ft. apart vertically 
the top and less than ft. apart vertically the bottom, with 
12-in. struts ft. apart horizontally, and ft. deep, where the 
waling deflected beam, the struts crushed in. into the posts, and 
the timbers were pretty nearly knocked into kindling wood, the bottom 

Again, the Canadian Pacific Railway the Rockies, 1885, 
there was “clay” tunnel, high and dry, which was apparently all 
right until was completed with heavy timber lining, when sud- 
denly shut up. Another effort was made, and 12-in. bracing 


put continuously instead intervals, and, this tunnel 


also collapsed after completion, the company abandoned and did 
not try again for more than years, when another location was 
selected. 

open coffer-dam work, often better use larger timbers 
spaced further apart than smaller sizes spaced closer, more working 
room left. 

What the author refers sheet-piling has, great many cases, 
superseded the old-fashioned sheeting, much better where 
can used, especially the ground wet treacherous. 

Ernst Jonson, Assoc. Am. Soc. (by 
paper introduces new problem the theory earth pressure, 
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calling attention the fact that the accepted theory cannot ap- Mr. Jonson. 


plied all cases, especially those which cohesion becomes 
element the stability mass earth. 

would well the author’s empirical formula carth pressure 
sheet-piling could verified some more definite data than gen- 
eral experience, such measurements the stresses the braces. 
This might done inserting hydraulic jacks with attached gauges, 
the lower ends the braces. 

The author’s simile wedge action seems unfortunate. 
the pressure embankment were this nature, and the pres- 
tan. 
then, ac- 
cording the same reasoning, the pressure the upper half the 
tan. 

average pressure the upper half one-half the average pressure 
the entire height the sheet-piling. This implies that the pres- 
sure any one point the height the sheet-piling propor- 
tional its distance from the top the embankment. This, again, 
implies that the resultant the pressure located one-third the 
height from the bottom, which contrary the author’s experience. 


writer deeply interested this valuable paper has had con- 
siderable experience with almost all the various types subway bracing 
that have been used New York City. 

Mr. Meem brings valuable thought the consideration the 
engineering profession when emphasizes the fact that earth pres- 
sures the bottom trench need not necessarily great 
those the top. the commencement his paper states that 
such conditions exist dry ground, but, the writer’s opinion, 
does not bring out with sufficient clearness the fact that such pres- 
sures can obtain dry compact material only. this the danger 
lies, for the author’s experience has not only been dry ground, but, 
most cases, artificially dried ground, the case any paved 
city. The roofs houses and the pavements streets, together with 
the sewerage systems necessary carry off rainfall, are artificial ar- 
rangements which tend reduce greatly the quantity water such 
excavations. 

well-known fact that natural springs and watercourses dry 
after city has been erected over their former sites, for the simple 
reason that ground-water can longer flow toward them. This 
artificial condition should carefully borne mind when the ques- 
tion using Mr. Meem’s theory earth pressure dry ground 
contemplated. 

city every rainfall taken care drainage systems, 


sure unit length sheet-piling were 


sheet-piling would Hence, seen that the 
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that, unless water main sewer breaks, the engineer has little fear 
from the increased pressure the sheeting caused the saturation 
the ground. 

open country, matter how dry the material may when 
first excavated, saturation may take place after every rainfall, and 
bring about the condition earth pressure which the 
author’s theory ignores. 

What the writer desires bring out that, within certain fixed 
limits, Mr. Meem’s theory perfectly justifiable, but that those limits 
must carefully defined and understood before any engineer attempts 
design sheeting that basis. The writer would define these con- 
ditions those existing within cities with paved streets, and dry 
material, such sand loam, which the possibility saturation 
water remote that the contractor engineer can afford 
take the chance the lighter bracing the bottom the trench. 

Mr. Meem’s experience, large extent, based the local 
conditions the Borough Brooklyn, which, course, closely 
cides with the theoretical conditions just stated. 

The writer has had occasion familiarize himself with the sheet- 
ing used many parts the present completed subway Manhat- 
tan, well the Sixth Avenue subway, the Cortlandt and Fulton 
Street subway, and the Centre and Canal Street subways, now under 
construction. show how limited the application Mr. Meem’s 
theory bracing, fact that, with the exception certain por- 
tions the Brooklyn Loop Centre and Canal Streets, where the 
conditions good sand and dryness material closely approximate 
those Brooklyn, could not used any subway now being built 
Manhattan. all other cases the material saturated and the 
hydraulic formula has used. 

The author has done great service engineers and contractors 
showing them how save money bracing and sheeting under cer- 
tain peculiar conditions. For this the profession owes Mr. Meem 
its thanks. The writer’s only point criticism that the limits 
the application his formula should defined more distinctly, and 
should always kept clearly mind the engineer who attempts 
use it. 

terested this paper, but, during all the latter part his life, has 
been much the practical side engineering that must con- 
fess inclined cautious reference formulas and theories 
regarding earth pressures. Mr. Meem’s theory based perfectly 
tight sheathing, which practically eliminates the trouble all have 
getting competent workmen. With the men available, the timbering, 
all cases, must strong enough hold the ground case the 
sheathing not tight. The theoretical discussion such matters 
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interesting, and, undoubtedly, real good will come from it, but, the shailer. 


younger engineers the speaker would say: 


“Do not take chances, but safe. You must not put 
6-in. stick because ‘theory’ says will hold, but double the size, and 
perhaps double again, unless you are dead sure every condition 
surrounding the work.” 

There one point about the movement earth excavation 
which has been brought home the speaker experience, that the 
advisability getting the masonry soon possible wherever 
the excavated material has tendency move. Swelling clay will 
stand oftentimes from two three days without any perceptible 
movement. timhered and left for week two, quite probably 
the timbers will found cracked and buckled, they ever heavy; 
therefore, clay tunnels, constant and steady progress completed 
work almost necessity. 

The importance driving the braces tight excavated trench 
prevent far possible the movement earth sand back 
the sheathing, has already been brought out. the speaker’s opinion, 
this matter that deserves the closest attention, for, from the 
moment the movement the material commences, the trouble begins. 


Moran, (by the construction the Brook- 
lyn Subway, with which the writer connected, was necessary 
excavate trench averaging ft. deep and 5000 ft. long. The bank 
was composed sand and gravel with some few boulders. The brac- 
ing, designed Mr. Meem, had the larger braces the top and 
smaller braces when approaching the bottom. single instance 
has any failure the lower and lighter braces been observed. Many 
instances bending the upper rangers, however, have been noticed. 

reconstructing Hanson Place sewer, the trench excavated 
was ft. deep, and there were seven sets rangers; the larger ones 
being the top. was noticed that the top rangers had bowed 
various places, the lower four rangers remaining perfectly straight. 
Great care was always taken prevent any movement the bank 
during the process bracing. 

seems obvious the writer that, under similar conditions fill, 
the greatest pressure will always come the top. 

permanent structure, such retaining wall, should designed 
withstand the maximum thrust the earth. One should deter- 
mine: First, the total pressure; second, its line action; and third, 
its point application. Obtaining the total thrust, evident that 
the lever arm increased, the overturning moment becomes greater. 
the point application taken two-thirds the distance from 
the bottom, the maximum overturning moment will obtained. 

Comparing the thickness rectangular wall, designed, first 
cording Mr. Meem’s method, and second, according current prac- 
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tice represented Trautwine, found that, for masonry wall, 
the thickness the first case will 46% the height, allowance 
being made for wall friction; the second case will 35% the 
height. 

Fig. shows graphically wall designed according Mr. Meem’s 
theory, with allowance made for wall friction. Fig. shows the same 
wall with batter in. per ft. Fig. shows wall having 
thickness 35% the height (current practice), checked graphically 
the same method. Fig. the resultant passes outside the 
toe, indicating that the stability the wall questionable, and that 
excessive pressure would come upon the toe the wall. 


P=21667 
G=61200 


RECTANGULAR WALL 


The numerous failures retaining walls, 90% which are sup- 
posedly due improper foundations, can readily explained when 
considered the light Mr. Meem’s theories. 

retaining wall with buttresses presents different problem—one 
analogous that sheeted trench. Here the buttresses correspond 
the braces, and the wall the rangers. The wall, therefore, can 
designed beam, horizontal sections, resist sliding 
shearing. The overturning force resisted the buttresses. 

The pressure varying the square the height, and the point 
application being two-thirds from the bottom, gives wall, triangu- 
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lar section, having the thickest part the top and diminishing 
zero the bottom. Practically, need not so, and average 
thickness could taken, the ground that the earth will not only 
arch itself vertically, but also horizontally, having its springing line 
each buttress. 

the case reinforced concrete wall with buttresses, the in- 
strength required the top could easily obtained spac- 
ing the horizontal reinforcements closer the top, and increasing 
the spacing when approaching the bottom. 

reinforced wall with counterforts tied securely presents similar 
problem, where the wall itself can considered beam. be- 
fore, the spacing the horizontal rods should increase the bottom 
approached. 

From analysis the foregoing examples, the writer concludes 
the total force acting cannot determined Coulomb’s wedge 
maximum thrust. This based primarily upon the assumption 
that the surface rupture plane. considers that the surface 
rupture curved, probably parabolic outline. Using this as- 
sumption working basis, the total pressure acting two-thirds 
from the bottom will less than the amount obtained Mr. Meem’s 
straight-line formulas. 


Am. Soc. E.—The practical experiences 
recounted Mr. Meem are extremely interesting and valuable, but 
the formulas advanced him not appeal the speaker, who still 
has faith Coulomb and Weyrauch. 

Mr. Meem’s conclusions are based experience. excavating 
and tunneling through sandy material under almost ideal condi- 
tions. The street paving would prevent the earth below from be- 
coming saturated with rain water, and the small amount water 
which might get through would very quickly dispersed through 
the sandy soil, and would just sufficient “temper” nicely. 

Altogether different experiences have been obtained going 
through clay loam soil, which would tend hold and absorb 
water. dry clay bank would stand almost vertically, and excava- 
tions were made through perfectly dry weather, such might 
obtain the western arid portions the United States, where prac- 
tically rain falls during the summer, might safe carry out 
deep excavations with practically sheeting bracing whatever. 
But, soon the soil becomes saturated with water, the conditions 
are entirely different, and instead its holding almost vertical 
face excavation, will assume angle repose sometimes con- 
siderably less than degrees. Now, the surface water cannot get 
into the soil all once; will have work gradually, the top 
layers becoming saturated first. The pressure the bracing, there- 
fore, would greater the top than the bottom first, but, this 
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seepage continuing, would found later that the bottom the 
pressure was very much greater than the top. Recently, the speaker 

had case which illustrates this point admirably. excavation 

for trench was made clay soil dry weather, and the sides 

were almost vertical. precautionary measure, sheeting was 

put in, with cross-braces. Owing the negligence the contractor, 

only one line these braces was put in, about half way from the 

bottom. heavy rain fell during the night, and the sheeting was 

pushed close together the bottom and out the top, showing very 

clearly that the pressure the bottom was greater than the top. 

Another experience the speaker was connection with the abut- 
ment bridge which was called upon reconstruct. This abut- 
ment, supporting fill about ft., was built the summer, 
dry weather, and the filling, consisting clay loam, was completed 
also during dry weather. The abutment held perfectly until the 
following spring, and then, the clay bank having been saturated with 
water, and adequate provision having been made withdraw this 
from behind the abutment, bulged about one-third its height 
above the bottom, showing that the pressure this point was greatest. 
This experience not accord with the author’s formula. 

The speaker, also, cannot agree with the theory advanced Mr. 
Meem the pressure above the roofs tunnels. states that 
the less the angle repose, the less the pressure will upon the 
roof the tunnel, that material like very fine sand, which 
the angle repose is, say, 20°, would cause small pressure, and 
material which the angle repose much greater, clay and loam 
soil, for instance, would cause greater pressure. If, for the sake 
argument, the material had angle repose whatever, prac- 
tically then the condition fluid, the mole- 
cules which are frictionless nearly so—there would still less 
pressure the roof tunnel, according Mr. Meem; with which 
contention the speaker cannot agree, this exactly the opposite 
the facts. the latter case, the pressure the greatest that can 
possibly obtained. 

The late Sir Benjamin Baker, Hon. Am. Soc. E., paper, 
read before the Institution Civil Engineers many years ago, the 
“Actual Lateral Pressure Earthwork,” mentions interesting case 
driving heading for the Metropolitan Railway. says: 


“The ground consisted sand and ballast, heavily charged with 
water, overlying the clay through which the heading was driven, 
depth feet from the surface. After the heading had been com- 
pleted some months, the clay became softened the consistency 
putty the water which filtered through the numerous fissures, and 
the full weight the ground took effect upon the settings. Both caps 
and side trees showed signs severe stress throughout the entire 
length the heading.” 
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This interesting example condition which, the 
start the work, the angle repose the material being great, the 
pressure the roof and sides the tunnel was not large, but, 
soon the soil became saturated with water, and the angle re- 
pose consequently became very much less than was originally, the 
pressure increased enormously. 

The speaker believes that the earth over the roof tunnel 
acts arch. The greater the angle repose the material has, 
the more readily the earth arches, and the greater its strength. The 
less the angle repose, the less readily arches, and the less its 
strength. 

connection with earth pressures, rash draw any broad 
conclusions from special experiences, for the reason that the condi- 
tions the soil may vary, and the seepage water has such ex- 
tremely important effect that great variations pressures may re- 
sult from these causes. homogeneous clay which there sand 
whatever will act differently from one which there are pockets 
sand, which has gravel sand overlying it, and entirely different 
from sand alone, sand and gravel, and these materials when satu- 
rated with water will again act differently. Practical formulas 
suit all these conditions would impossibility. 

The observations Mr. Meem pressures against braces, de- 
duced from his own work, are doubt correct, but these not prove 
that the theories Weyrauch and Coulomb are wrong. Theory, 
applied properly particular case practice, must take into 
account all the conditions. Now then, what are the unknown ele- 
ments earth 

Eliminating the question water pressure the soil, for the sake 
argument, and having given the height the bank, the only 
point that uncertain the angle repose, and unless the angle 
repose known absolutely, course, theory and practice cannot 
made agree. 

The error most applying theory practice 
the assumption that the angle repose remains constant, matter 
what the depth; this, course, not tenable. There reason 
why should constant, and every reason why should not be. 

soil that has stood for ages its original condition, the lower 
layers will very much more compacted than the upper ones; rea- 
son the pressure the earth above. excavation carried deep 
enough, found that the earth almost the condition rock, 
compactly consolidated. applying sufficient pressure to. 
sample earth, say hydrostatic press, would possible 
make almost firm soft rock. 

The angle repose, therefore, would increase with the depth 
below the surface some proportion the compactness the soil 
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increased. This condition would apply, not only clay and loam, but Mr. Stern. 


also sand, when not under the water line. 


Ib, 
Pressure on braces 
10 apart Horizontaly 


FORMULA. 


~ 


Where 
Pressure per square foot the depth, 

below the surface. 
=Weight cu. ft. earth, assumed 


Fie. 48. 


Take the case excavation through coarse sandy soil which 
there very small quantity loam (this almost always the 
case). The soil below the surface usually damp. the surface, 
ft. below the surface, may horizontal vertical. clay 
soil may horizontal vertical near the surface, dry, and 
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Now, the horizontal pressures are computed Coulomb’s theory, 
this basis, for the same trench that Mr. Meem has given his 
example, Fig. the angle repose varying gradually from 
ft. below, the pressures the braces are found shown 
Fig. 48. 

These pressures, with the exception that the top brace, which 
less, agree closely with those given Mr. Meem that his prac- 
tical observations not prove that Coulomb’s and Weyrauch’s 
theories are wrong. 

The question now arises: what practical use are the formulas 
advanced the author? Are they sufficiently correct used 
generally? The speaker thinks not. his opinion, they are 
limited application, and—most important all—the principles enun- 
ciated are radically wrong. 

gratulated his paper, relating subject upon which little 
written. has evidently given much thought, guided his 
valuable practical experience. 

The speaker has mind two retaining walls (neither which 
was designed engineers) varying height from ft. They 
were observed for more than twenty years, and, that time, gradually 
failed places, bulging, usually one-third the height, although 
the bulge appeared one-half the height. The bulging 
any particular place was always very slow, and was not sufficient 
noticeable unless several years had elapsed between observations. 
the course time, the parts the wall where bulging had oc- 
curred collapsed. 

The speaker once had occasion place some extra braces across 
trench, about ft. wide and the same depth, somewhat 
clayey soil, and instructed that they placed pretty well toward the 
bottom. This did not agree with the ideas the superintendent 
for the contractor, who claimed that the greatest pressure was near 
the top. This was theory which the speaker had never heard ad- 
vanced before, and did not believe then, nor does now; but 
had good deal faith the practical ability the contractor’s 
representative, and was very important that the banks held 
rigidly place, the safe course was adopted putting the addi- 
tional timbers near the top well near the bottom. 

The speaker does not agree with Mr. theory that the deeper 
the trench the lighter should the lower bracing, although possibly 
that might so, provided the trench sheeted and there are 
absolutely voids behind it. Under those conditions, the author’s 
argument probably valid, but fails immediately the appearance 
voids, very soon thereafter. 
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PLATE V. 

TRANS. AM. SOC. CIV. ENGRS. 
VOL. LX, No, 1062. 
CHRISTIAN ON 
EARTH PRESSURES AND BRACING. 


Fie, 1.—West Heapine, Morris AvVeENvE, WEBSTER AVENUE Storm RELIEF SEWER, 
Broyx Boroven, New York City 


Fig. 2.—Looxine East rrom West HrapiInc, MorkIS AVENUE, WEBSTER AVENUE 
Storm SEWER. 
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excavate any soil and not leave voids, opportunities for voids 
occur behind the sheeting. The speaker thinks not. 

would seem that the sheeting each side trench sub- 
jected the same thrusts those retaining wall the same 
position; therefore, necessary make the wall thicker the 
bottom, follows that the bracing should designed withstand the 
same pressures, and, therefore, must heavier the bottom than 
the top. 


Decomposed Delomite Sona Woo. King Over each Decomposed Dolomite 


12x12°Yellow | 
Pine 7 


12 Drain Pipe 
Fie 49, 


the Borough The Bronx, New York City, the Webster Ave- 
nue Storm Relief Tunnel Sewer now being driven. Much the 
tunnel work passes through very much decomposed dolomite rock 
resembling clay. such places the tunnel has been driven and tim- 
bered the crown-bar method referred the author. this 
work, top heading was first driven, shown Fig. Plate 
The cap and legs are shown Fig. 49, the latter the dotted lines, 
Fig. actual cross-section taken this work. The two 
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center crown-bars are placed position and held the posts, 
and then blocking and wedging are driven between the crown-bars 
and the caps, after which the legs, are removed. ‘Transverse 
lagging next driven above the crown-bars, shown, after which 
the next two bars are put position and held the posts, 
Transverse lagging then driven above these bars the same man- 
ner before, the excavation underneath proceeding meanwhile, after 
which the two remaining bars are placed position and held the 
posts, The sides are then lagged; excavation made for the 
wall-plates, which are then set line and grade; and then the seg- 
mental arch placed position and blocked tightly against the 
crown-bars, the posts, and being taken out the work 
advances. 

good example this work shown Fig. Plate 
the background may seen the completed segmental arches, while 
the foreground shown much the advance timbering just 
described, e., the crown-bars above and their supports, the posts, 
showing the left, and and the bottom the right. 

The bench next excavated, and then the wall-plates are under- 
pinned, where necessary, after which the work looks like that shown 


Plate VI. 

Hewes, Am. Soc. speaker has become greatly 
interested the several points brought out the discussion, and 
would attention the general practice miners timbering. 
After having placed the timbers, the miners proceed wedge them 
thoroughly that they fairly ring when struck with hammer. 
striking them this way, they test them see the work has 
been properly done. Thoroughness wedging the greatest im- 
portance, for, there should any slackness the timbering, 
would allow movement take place the supported material. 
Should any movement occur, enormous pressure would developed, 
often great that, even solid cribbing were placed the workings, 
the timber would crushed down. 

Several years ago the speaker visited old Mexican coal mine, 
then being worked the fuel department American railroad. 
The timber the rooms had been removed and the pillars robbed. 
This brought what was termed crush, squeeze, and amount 
timbering could placed the workings stop The only 
recourse was run new entries, leaving considerable body coal 
between the workings and the new entry; even then, there was evidence 
the movement the cracking sound given out along the entry. 

Evidence the great pressure exerted mass material which 
has been disturbed often shown the caving mine. The 
speaker had occasion the 200-ft. level mine, where cave 
had taken place. The ore was soft hematite. driving into the 
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WeBsTER AVENUE STORM RELIEF SEWER, Bronx Boroveu, New York City. 
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broken ore this level had become solid and compact that 
was impossible tell which was “unbroken ground” except follow- 
ing the track rails, which were still place. was necessary for the 
miners shoot it, the same way they would virgin ground. 

open trench excavation, not timbered, the ground 
most cases starts move near the surface, and fills the 
trench, while that near the bottom may never move. The ground 
the top has nothing hold place and prevent its movement, while 
that the greater depth held place the material above it. 
prevent any movement taking place, timbering used; and Mr. Meem’s 
experience, that the greatest pressure comes nearer the top the 
trench, would not hold when any movement takes place greater 
depth, for, such cases, which often happen, much heavier timbering 
required the bottom than near the top. 

Am. Soc. E.—This paper should given 
much credit, but, the same time, open considerable adverse 
criticism. The author presents number exceedingly interesting 
and instructive examples illustrating actual practice the bracing 
trenches and tunnels, but his theories seem open grave 
question both from theoretical and experimental standpoints. 

well-known fact that freshly cut masses earth certain 
kinds will stand for considerable periods with very steep slopes, but, 
most cases, may prove exceedingly dangerous take advantage 
this phenomenon, effort reduce the size and quantity 
timbering used brace those banks. Where the earth contained 
street, between cellar walls carried fair depths, and 
naturally porous nature, some allowance may made without much 
risk; but, where work carried along side hill, for instance, 
clayey soil, similar procedure might result serious damage and 
loss. Consequently, the speaker’s opinion that the author’s sev- 
eral ideas and recommendations should adopted only where condi- 
tions make them manifestly applicable, approved experienced 
engineers, and that they should not any wise considered 
general application. 

few instances, the speaker’s experience, has encountered 
earth pressures which were evidently greater near the ground surface 
than lower levels. the other hand, the opposite condition has 
been observed considerably greater number cases, and numerous 
experiments very careful nature have shown the close agreement 
between fact and theory this regard. These seemingly contra- 
observations may partly explained follows: 

When sheeting driven along the side trench, the earth be- 
hind the sheeting more less loosened and otherwise disturbed 
movements greater less magnitude may take place, the form 
slips, sprawling crawling; cracks voids may formed, allow- 
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ing further movements take place, ete. Such action may very 
slow culminating, but almost sure happen with lapse time 
and variations humidity. Furthermore, observed fact that 
when large breaks occur, they are likely take place along curved 
surface, such shown diagrammatically Fig. 50. This fact 
recognized several authors earth-pressure theories, and the 
basis the theory presented the discussion this paper Mr. 
Haines. 

Now, dry soils, when the toe prevented from sliding, mass 
may crack away from the bank and tilt over the top, turning about 
the toe, shown exaggerated manner Fig. 51. Such action 
would account for the cracks often found various distances back 
from the edge excavation, though they may also produced 
local settlement, several other causes. would also throw the 
heaviest stresses into the upper braces, and would tend confirm the 
author’s theories. the other hand, the toe not well fixed, 
and the soil more humid, slip likely take place, shown 
exaggerated manner Fig. 52. This the usual condition, and, 
obviously, would produce maximum stresses the lower braces. 


50. Fia, 51. Fia. 52. 


Again, many soils will “crawl” appear flow, acting like 
viscous material. For such conditions, the theory advanced the 
author would seem untenable, because both vertical and lateral pres- 
sures are then proportional the depth. Damp clay such ma- 
terial, while dry clay may possess considerable cohesive strength. 
The speaker has seen tunnels driven through clay, and these have 
stood, for days time, for considerable distances and heights, with- 
out support and without change. other cases, has known the 
sides similar tunnels stand without material change form, 
but move bodily inward with such force crush pulp the 
ends heavy timbers. another case, was called examine 
tunnel and the nearby buildings, where the sides the brick tunnel 
lining had been crushed inward, allowing movement the soil 
which endangered the foundations even relatively distant buildings. 
The humidity the soil had been greatly increased the bursting 
sewer, thus producing unexpected conditions stress which were 
quite extraordinary, but evidently also really possible. The two last 
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mentioned cases are explainable only such theories developed Mr. Goodrich. 


Rankine; and those the author would prove entirely inadequate. 
The latter must evidently qualified most carefully the period 
time elapse, the conditions humidity, the kind 
soil, ete. 

This qualification actually made the author several in- 
stances, thus showing the pertinence the speaker’s criticism. 

page the author says, “where the trench does not have 
stand too long.” page 19, advocates maintaining “some 
sort bench near” the toe the bank inside the sheeting. 
This seems inconsistent, when viewed the light his state- 
ment page that “the lower part trench may left un- 
sheeted.” page qualifies the application his theories 
clays, saying that they “frequently develop pressures squeez- 
ing sliding horizontally, for which difficult provide.” 
page however, has endeavored: 


“to develop practical basis connection with which will 
possible all times effect approximate reconciliation between 
the actual conditions stability earth and the theoretical formulas 
resultants arising therefrom.” 


The qualifying statements introduced the author seem place 
his theory, also, among those which condemns not being able 
“to reconcile the theoretical with the practical conditions.” 

Again, page 14, Mr. Meem speaks “frictionless material” 
having “an angle repose” greater than zero. This obvious in- 
consistency, and when zero angle properly applied the condition 
being discussed the author, his seemingly logical deduction 
the weight coming upon the top tunnel would lead infinite 
value, which could not possibly obtain. 

The author’s deduction, page 16, that earth will arch around 
circular manhole with the same perfection “indefinite depths,” 
close the surface, does not seem compatible with the physical con- 
ditions which must exist arch formed granular mass. 
true that such materials will form effective arches over considerable 
spans, with certain sizes grains and conditions humidity, friction, 
cohesion. For example, wheat will often arch completely across the 
ordinary elevator bins, and the effects each other loaded piles 
driven soft ground show analogous action over distances ft. 
more. Most earth-pressure experiments also confirm these observa- 
tions, but push, far the author has done, any deductions 
the effects arch action, seems like exceeding the limits set facts 
and sound theories. Because various large voids may have existed 
for long periods not deemed sufficient premise for all the con- 
clusions reached. page 15, the author does not give any 
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limit beyond which “the arching effect destroyed,” and 
the arch action considered page can take place only over cer- 
tain spans, the limiting value which not stated. This seems 
most important omission, except that believed the speaker 
that conditions are variable that precise limit can possibly 
set either instance. would thus appear necessary the first 
instance almost invariably use for shafts such “bracing” would 
used “in open trench,” suggested the author for large 
shafts. 

The author’s reasoning pages and 14, the effects 
the angle repose arch action, not all clear. Furthermore, 
seems based entirely wrong assumptions, when the author 
states that there can exist “tendency slide along the angle re- 
pose,” using this phrase does synonymously with that the 
“natural slope the earth,” page The experiments made 
the speaker, and reported the Society his paper “Lateral 
Earth Pressures and Related are believed have demon- 
strated the existence angle internal friction along which slid- 
ing will take place, which angle usually very different from the angle 
natural surface slope. Consequently, the author’s work must 
least modified include this angle internal friction. 

The ideas set forth Mr. Haines approach nearer those the 
speaker than those any investigator this interesting subject. 
The speaker, also, has measured numerous slips—natural, and made 
experiment—but has not found the hemispherical surface ac- 
curately followed one might infer was always the case, from Mr. 
Haines’ descriptions. Arch action along lines which closely approxi- 
mate circles usually present most soils, soon any movement 
takes place, and this special point, such earth masses act like solids. 
But vibration, changing humidity, natural settlement, and lateral 
pressures bring about further movements among the particles com- 
posing the mass, that action closely analogous the slow flow 
viscous mass also often takes place. Mr. Haines, however, takes 
account these possible changes condition with lapse time, al- 
though this absolutely necessary complete theory. sure, 
retaining wall which stable under the author’s Mr. Haines’ 
assumptions will apt stand under conditions like those usually 
assumed, but does not seem good engineering waste material 
securing needless excess stability, would seem the case 
designing either the two theories mentioned. 

opportunity offers, the speaker working out the combined 
theories the several actions which occur masses earth, and 
hopes some time present them for discussion. doubts Mr. 
Haines’ analysis page 30, which includes simply the volume and 
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surface sphere. the earth mass were supported shaft Mr. 


through the point, Fig. 28, the reasoning might apply, but the 
mass which eventually moves actually rests with considerable weight 
the earth beneath, which remains position. Consequently, other 
forces besides pure shear enter the problem, and the speaker believes 
that Mr. Haines’ explanation the spherical surface slip not 
sound. 

his analysis the stresses due the arch action, sup- 
poses it, attention should called the fact that the “center 
gravity,” expresses it, does not coincide with the center 
length, shown Fig. 32, that the stress, found him, 
smaller than should according the method has adopted. 
There also grave doubt the speaker’s mind whether even 
approximately correct assume that the lateral stresses against 
trench sheeting are such would produced series arch 
rings between which friction exists. would seem rather more 
nearly according reason and fact assume single ring some 
thickness, just above the surface fall, which ring assumed 
carry the weight all the earth above it. This supposition would 
explain the shrinkage away from the sheeting near the surface, which 
the speaker saw one occasion, coexistent with evidences consider- 
able arch action near the bottom. also explains the concentrated 
pressures observed the speaker several occasions, and gives 
reason for the fact that practically pressure found the top 
the sheeting, where should maximum, according the theories 
the author and Mr. Haines. 

Time, however, modifies most things, and would not seem im- 
probable that such concentrations would eventually distribute them- 
selves, more less, according some law variation pressure. 
Such readjustment stress (described later) has actually been 
observed the speaker. 

entirely satisfactory earth pressure theory has still 
evolved, and more phenomena can explained the assumption that 
earth acts like viscous, partially elastic material, than any other 
supposition. This hypothesis explains all the author’s observations; 
explains the phenomena described above; and also throws light the 
change the position the point maximum thrust and the dis- 
tribution pressures observed the speaker during one the 
many earth pressure experiments has made. The conditions and 
test and analysis are given the speaker’s paper 
Earth Pressures, previously mentioned. The initial observations 
showed roughly triangular distribution stress. special con- 
dition was soon brought into play sharp thaw the material be- 
hind the wall, and considerably increased and practically concen- 
trated load was observed near the top the embankment. The point 
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application this concentrated load then appeared move slowly 
downward and was finally lost the slightly parabolically distributed 
continuous load.* 

While Mr. Meem most successful practitioner, and has done 
some very exceptional work, his theories with regard earth pressures 
are not considered well worthy praise. seems the speaker, 
rather, that much more work must spent the problem before 
entirely solved, and that other lines than those followed the author 
will lead more consistent results. What might called “Rankine’s 
theory applied viscous granular material, wherein angles inter- 
nal friction are used,” appears the most profitable course along 
which investigate earth pressures and related phenomena. 


Am. Soc. E.—The speaker has had great 
deal trouble trying timbering work according theory. 
Mr. Meem’s conclusions are largely according his experience 
dry, sandy and gravelly material. only necessary examine 
his diagram, Fig. which the pressures are indicated parallelo- 
grams, with the largest parallelogram top, commence once 
find fault with his theory. 

only necessary consider that these pressures are transmitted 
through the material that impossible, the top 
earth strut, speak, get the greatest pressure, sufficiently 
great pressure, require 12-in. timbers. there were such 
pressure that, the material itself would rise, and the pressure would 
disappear. The fact that most cases this top timber may 
taken out (barring, course, strains which may caused other 
things than the pressure the earth). 

The real trouble with timbering, and all this protection excava- 
tion, that where there something besides dry sand gravel, there 
water dealt with, and then the material has varying friction, 
and, course, varying pressures. 

The speaker had cases Park Avenue, New York City, where 
12-in. were bent. These beams were set vertically, and were 
perfectly straight until the ground had become more less wet, and 
commenced take totally different angle friction, thus becoming 
what called “heavy.” 

With the statement that the pressures are the reverse those 
caused water, the speaker cannot agree all. His experience 
that almost impossible drive sheathing beyond certain depth 
because the great pressure that develops the farther driven, 
and the fact that the timbers incline inward the bottom owing 
the increased pressure. one who has done much sheet-piling 
excavations, particularly where there was water, will contradict that 
statement. universal condition. 


* Transactions, Am. Soc. C. E., Vol. LIII, Figs. 11 to 16, p. <7. 
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The general question experiments earth pressures and their Mr. 


conditions which will reduce the subject science, admirable 
one. The speaker’s opinion, however, that such experiments would 
have continued for thousand years order obtain some- 
thing the nature formula, but that formula would have great 
many constants. There might number what might de- 
scribed arbitrary, unknown quantities, but having had thousand 
years’ experience, possible that one might learn use them. 
However, notwithstanding the great success the use formulas, 
the present time, the better plan stick closely possible 
big timber, matter what the formula indicates. 


non-fluid earth, semi-dry quite dry material, not like fine 
sand which will run, but more like the sand and loam New 
York City and Long Island, there much value the sug- 
gestions made Mr. Meem. 

The angle repose determined allowing material run free 
the open air; but, when flowing itself, and has angle 
internal friction, speak, there doubt that the friction the 
material tending slide downward would set some other angle 
repose, partial stability, greater than the normal angle repose 
and corresponding more nearly with the angle which Mr. Meem estab- 
lishes bisecting the complement the angle repose. Just what 
this angle is, indeterminate, but, assuming that material does act 
this way, the speaker has doubt that Mr. Meem right, that there 
some arching effect with the skewback one side which may 
taken the angle repose, and the other side the sheeting 
the trench. 

This arching effect produces great pressure the sheeting 
the surface the ground, and correspondingly relieves the 
pressure the sheeting points below, until, the bottom the 
sheeting, very often possible undercut the sheeting, and 
this undercutting for long distances, and even great depth. 

This arching effect, far obtains, necessitates the use 
heavier timbers the top and lighter timbers the bottom the 
trench, and, where the material not too wet and not allowed 
stand too long, that water, the atmosphere, and other agencies can 
act it, quite possible leave the sheeting out for certain dis- 
tances near the bottom the trench. Constructors take advantage 
this fact, for there very seldom any shoring the bottom sheet- 
ing under the conditions assumed. 

Engineers, however, must err possible the safe Side, and 
probable that the old “angle repose” conditions will still used 
earthwork calculations, mainly because must assumed that the 
worst conditions may prevail. 


Mr. Nichols. 
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man—who, course, was not engineer any way con- 
nected with engineering—recently asked for discrimination between 
men like the late Professor Bartlett, West Point, the engineer 
to-day, and the contractor. The answer should that men like Pro- 
fessor Bartlett develop the laws which the forces Nature act 
material, the engineer applies these laws, and the contractor adds the 
knowledge the engineer the saving grace common sense, and, 
particularly, introduces the element commercial values. 

When, therefore, engineers become successful contractors, the com- 
bination should, least theoretically, redound the great good 
the community. The questions and solutions which Mr. offers 
his interesting paper are especially those with which engineering 
contractors should familiar, and hoped that such men 
will take part this discussion, for they, like Mr. Meem, have fought 
out engineering battles close contact with the materials themselves, 
with their ears close the ground, and they are men who measure 
problems the laws profit and loss well those engineer- 
ing skill and efficiency. 

The work this field which Mr. Meem has done Brooklyn, 


‘supporting nearly mile elevated railway full operation, ad- 


dition the surface the street and one the busiest sets trolley 
tracks the world, and the work did restoring the grade the 
Brooklyn end the Battery Tunnel, certainly mark him 
engineering construction, and his paper should great value, 
especially bringing out discussion. 

passed along Fulton Street and Flatbush Avenue, Brooklyn, Y., 
but admire the skill with which the subway work these 
thoroughfares has been conducted. Credit for this work must given 
Mr. Meem, Chief Engineer for the contractors. The elevated rail- 
road structures these streets, from the City Hall the Long Island 
Railroad Station, have been supported temporary columns, for the 
full length the excavation, and there have been slips settle- 
ments the columns, and interruption the use the tracks 
the surface elevated railroads. 

Mr. Meem discusses pressures dry, homogeneous earth, which 
conditions were found him this work, but, hydraulic conditions 
are introduced, becomes more difficult determine the effect the 
materials handled. The variety materials great, all 
they may homogeneous, may mixed any proportions, 
and may run through all gradations from dry very wet. 

The does not intend that his formula for bracing, etc., 
shall applied all these various conditions, but only cases where 
the material reasonably dry and homogeneous. Under other con- 
ditions, the speaker would inclined follow Mr. O’Rourke’s ad- 
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vice and “stick close big timber,” and, further, cases where there Mr. Gahagan. 
much water the soil, such timber should used from close 

the top very near the bottom the trench. special study the 

conditions necessary each case, and the speaker does not believe 

that any general formula for earth pressures practicable. 


this paper valuable contribution the practical side the sub- 
ject, the theoretical investigation open criticism. the discus- 
sion the subject pressures masses earth, engineers often 
confuse actual conditions and freely condemn theoretical investiga- 
tions because the formulas deduced for special cases will not give 
consistent results for all conditions. All theoretical investigations 
the pressures earth are based the assumption granular 
mass without cohesion, the particles being held together the fric- 
tion the grains each other, the mass being indefinite extent. 
Where the cohesion sufficient hold the mass position, the 
theoretical formulas not apply, and where the mass does not extend 
indefinitely back from the surface, the grain grain bin, the 


Fie. 538, Fie. 


general formulas must modified. The following solution the 
problem earth pressures the sheeting deep trenches offered: 
trench excavated earth which there cohesion, the 
sides will stand vertically until the soil loses its cohesive power, or, 
the trench excavated rapidly, depth, Fig. 53, reached 
where the weight the earth will overcome the cohesion and the fric- 
tion, and the trench will cave in. When the slip occurs, the cohesion 
practically destroyed the mass, and the factor 
cohesion known, the curve, can 

Now, sheeting placed the trench and properly braced, the 
mass, will held place, and there will active pres- 
sure the sheeting until the depth, Fig. 54, reached, where 
the weight the mass, sufficient overcome the cohesion 
and the initial stresses the bracing. will found that 
not much larger than which shows that the mass, heid 


* Merriman’ Retaining Walls, page 16. 
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mainly the friction the earth the sheeting, and the 
surface, 

The pressure the sheeting trench cohesive soil, then, 
seen due the material between the sheeting and 
face, The problem the calculation the stresses then 
essentially the same the calculation the stresses granular 
material deep bin.* 

cohesive rupture, assumed vertical. 

total pressure the wall; the reaction the material below the 
the sheeting, and the center gravity the wedge, 


CAE. 
C | Surface of Material | 
D 


pl 


Fie. 56. 


Fig. the material the wedge, slides the plane 
rupture, the weight the wedge, held equilibrium 
the pressure, the reaction, the plane, the friction, 

Now, resolving the forces parallel and perpendicular the plane 
rupture, and solving for maximum value the angle 
rupture, have 


Equations and give the pressure the side, long 
the plane rupture, cuts the surface the material. 
Fig. the plane rupture, cuts the side, and Equa- 
tions and will not apply. 


The Design Walls, Bins and Grain Ketchum, The Engineer- 
ing News Publishing Company, New York. 
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Equating the forces parallel and perpendicular the plane Mr. Ketehum. 
rupture, Fig. 56, and solving for maximum value the 
angle rupture, have* 


and 


will seen Equations and and that the pressures 


vary These equations are complicated, but special solutions 


may made follows: 


Fig. the writer has plotted values for different values 


for “earth” weighing 100 per cu. ft., angle internal friction, 


31°, 0.6, and angle friction earth the sides 31°, 
0.6, being the total pressure the wall ft. long for the 
ft., for ft., and for ft., and the differ- 
ence between the two values will the pressure per square foot 
the required depth. this manner the writer has calculated, 
Fig. 58, the pressures per square inch for different depths for earth 
where the break, back the wall, 10, 20, and ft. Pressures for 
other widths may interpolated from the diagram. example, 
the pressure for width ft. and depth ft. one-half the 
pressure for width ft. and depth ft. 

For example, the ground breaks ft. back from the sheeting, 
the pressure the depth ft. will per sq. in., 576 
per sq. ft. course, this pressure will not developed until the 
excavation has extended far enough below this depth destroy the 
cohesion. With width ft. and depth ft. the pressure 
will one-half the pressure with break ft. depth 100 
ft., one-half Ib. per sq. in., 360 Ib. pér sq. ft. 

The pressure the mass below the given depth will found 
subtracting the weight supported the walls from the total weight. 
For break, back the wall, ft. and depth ft., the pres- 
both sides. The weight section earth ft. long 
will 100 20000 The load supported the sides 
will 0.6 11850 making the pressure the bottom 

the practical application this solution, diagrams, such 
Figs. and 58, should constructed for the weight, angle repose, 


*For the derivation these formulas see the book, The Design Walls, Bins 
and Grain 
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Mr. Ketchum, angle friction the material which the excavation made. 
The center pressure will approximately one-half the depth for 
deep trenches. quicksand encountered, the pressure will more 
nearly that given the retaining-wall line. For short trench, the 
horizontal projection the break curve, but, for long trench, 
the break will approximately straight line. 


(Width, Feet)* 


= 
L 
> 
g 


1? 


t 


100 per cu. ft. 


31° 


Height, Feet 
Width, Feet 
Fie. 57. 


The foregoing solution gives results consistent with observations, 
stated the author, and based reasonable assumptions. 
course, cannot expected that any solution the problem will give 
results which are more accurate than the data. the writer’s 
opinion that, engineers were more familiar with the theoretical in- 
vestigations retaining walls, there would less objection such 
investigations. 
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states that the center pressure Fig. (a) five-sixteenths 
the height the wall from considers, also, that the pressure 
intensities will vary uniformly from maximum nil 
shown Fig. (b). 

seems very probable that the last assumption correct, but, 
this the case, the center pressure must one-third the 
height, from the position the center gravity the 
section material, Fig. (a), does not affect the position 
the center pressure, which entirely controlled the distribu- 
tion the pressure intensities along 

Mr. Haines congratulated his most excellent and con- 
treatment the subject earth pressures, and the writer 
believes has gone far toward giving true solution this most 
difficult problem. 


Mr. O’Rourke, among other criticisms, states that thinks wise 
stick big timber. possible that Mr. O’Rourke misunder- 
stands Mr. Meem’s intent. Mr. Meem’s statement the principles 
timbering and excavation the statement engineering prin- 
ciple. His theory was not advanced economy, and, while some- 
times provides economical method bracing excavation, 
not discussed the writer from economical point view. The 
accepted rules are old, and, judging the writer’s experience, they 
are wrong. few practical illustrations, which have come within 
the writer’s experience, will given: Considering only the place, 
the vertical sides excavation, where the greatest strength 
timber work necessary, this has always been found near the 
top the excavation. very necessary, when building large 
structure deep excavation, know exactly where braces may 
placed sustain the load against them; for instance, constructing 
large sewers, having outside diameter of, say, ft., excava- 
tion ft. more depth, the general rule build the invert 
the sewer, the springing line the arch, beneath the lowest 
brace, after which, that brace removed, the arch centering set, 
and the arch turned. special precautions are taken back 
the sheeting between the top the invert and the sheeting the 
trench, and, though the usual practice back-fill this space be- 
fore removing the lower braces, the writer has never known in- 
stance where the removal those braces was followed any accident, 
while would seem beyond controversy that, those braces 
carried any considerable pressure, would necesary fill the space 
between the invert and the sheeting with concrete brickwork before 
removing them, being apparent that, unless such precaution were 
taken, the sheeting would spring inward greater less degree, 
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depending whether the back-filling had had not been done. This Mr. Cranford. 
initial movement the sheeting would not stop under such load, 
would the case the accepted theories were correct. 

laying 48-in. cast-iron water main, some years ago, trench 
about ft. the material being sand with about ft. water 
the bottom, was found necessary place the braces ft. apart, 
from center center longitudinally, the rangers being about ft. 
apart vertically. The pipe was lowered the bottom the trench 
“end on,” because the bottom the lower set rangers could left 
with braces ft. apart, from center center, thus giving room 
lower the pipe its side the bottom the trench. this pipe 
line (which, the way, was miles length, and the trench from 
ft. depth), the scheme bracing contemplated braces ft. 
apart. This permitted the lowering 12-ft. pipe through the tim- 
bers. The material being sand, was frequently found necessary 
put intermediate brace. When lowering the pipe this inter- 
mediate brace the top ranger was knocked out, the pipe was lowered 
below it, the brace was replaced, then the next intermediate brace was 
knocked out, and on. After the pipe was laid, was seen that the 
rangers were badly sprung, but the top ranger was always sprung twice 
much the second ranger, and the second ranger was sprung 
twice much the bottom ranger. The writer has seen such 
trench which rangers were sprung this way continuously for 
more than miles. 

laying pipe line around the Spring Creek Reservoir the 
Albany Water-Works, some years ago, the trench was from 
ft. deep, and passed through stiff clay, the clay being layers from 
several inches ft. thickness, with very thin layers quick- 
sand between them. The layers quicksand may have averaged 
in. thickness, and usually carried little moisture. The trench 
had been completely excavated, the excavated material being piled 
one side, when was noticed that the whole bank, the side 
which the excavated material had been piled, was sliding one 
these layers quicksand about ft. above the bottom, fact, had 
moved in. when first noticed. attempt brace the trench was 
immediately made, and several hundred feet were saved, but 
before night large amount it, perhaps 400 500 ft., had moved 
far into the trench that there was hope saving it, and next morn- 
ing the excavation for this distance was entirely closed. 

excavating high bank earth, the old accepted theories 
earth pressures were correct, would reasonable expect, when 
such bank became nearly vertical fall, that would slump 
off, the weight crushing the lower layers earth, and causing the top 
the bank sink. matter fact, the writer has never seen 
bank fail this way (excepting sand), but hundreds times has 
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seen such vertical bank turn, pivot the bottom, and fall 
without breaking its form until struck the ground right angles 
its previous position, showing that, had its top portion been prevented 
from falling out, the bank would have been supported. 


Jason Paice, Jun. Am. (by writer has 
read, with much interest, this paper and also the resulting discussion, 
especially that Mr. Haines. Mr. Meem applies angle repose 
the material, while Mr. Haines works the assumption that 
bank, exists cases open trench work, not granular mass, 
but one having great many of, not all, the characteristics 
elastic body. With the latter view the case, the writer agrees, but 
finds that certain point his investigations lead result, 
different from that reached Mr. Haines, but which would still seem 
agree with conditions found practice, namely, that the greater 
pressure bracing deep trenches found point about one- 
third the depth the trench from the top. 

First, the condition the material through which 
cut: few simple examples will show that the condition 
material which will stand excavation certain depth without failure 
far from granular. 

Taking first the case load clay loam which has been ex- 
and undoubtedly granular state, for, that condition, 
does assume certain angle repose: Dump this load clay 
loam the ground, and such consistency that pick, due its 
weight, will sink into it. Now allow this pile clay loam remain 
undisturbed for, say, four five years, and then try the pick again. 
will now found that, not only does the material resist the dead 
weight the pick, but will also resist considerable extent 
blow delivered with the pick, when both externally applied force and 
impact are present. 

Now, return the freshly dumped pile loam: If, from this 
pile, some manner, one could take mass in. square and some 
unit length, would found, this mass were suspended 
clamp applied the top, that the material possessed practically 
qualities tension, its ultimate strength not being high enough 
sustain any large percentage, any all, its own dead weight. 

Take now the case the settled heap, which, owing the forces 
gravity, impact due rain, and other conditions with which 
are not familiar, has been metamorphosed and now material 
which has decided qualities for withstanding compression: will 
found that mass, in. square and unit length, separated, 
say saw, and suspended before, will not only develop ulti- 
mate tensile strength high enough carry its own weight, but possi- 
bly high enough carry additional load. 

these two cases the writer attempted show that earth 


j | 1! 
\ 
q 
| 
7 


DISCUSSION EARTH PRESSURES AND BRACING 


such condition that will assume angle repose far differ- Mr. Paige. 
ent material, from the standpoint physical characteristics, than 

earth which has been subject prolonged settlement and superimposed 
compressive 

the writer’s opinion that angle repose not applicable 
bank which has been formed trench through well- 
settled material. such bank, not until the material has been 
stressed its ultimate strength, thereby causing granular condition, 
and consequent failure, that angle repose evident. Until the 
ultimate strength reached, the bank possesses all the qualities 
elastic body lesser greater degree; but these qualities vary, 
owing great number local conditions. 

The writer thinks that quality resist shear quite evident 
the case bank being under-cut stream action. the 
bank will stand until its own weight has become such that the ulti- 
mate tensile and shearing strength the material has been reached, 
thereby causing failure along vertical plane. The bank, this 
case, falls intact, and becomes granular, due impact alone. 

Now take the manner which bank fails, the material 
which such that will fail certain constant depth: Several 
years ago, the writer spent summer with field party the United 
States Geological Survey, part the time section where land- 
slide topography was common. the time, his attention was at- 
tracted the phenomenon spoken Mr. Haines connection 
with small banks, namely, that the original the ground was 
practically undisturbed mass, though tipped quite angle in- 
ward, shown Figs. and 60. the time, the writer was sur- 
prised note this condition, which was just the opposite what 
might expected, but made attempt explain until the case 
was again brought his notice reading Mr. Haines’ able discus- 
sion. 

Here there are two cases land slide: one hand, millions 
yards material, consisting heavy alternating beds rock 

and soft shale; the other, bank, possibly ft. high, and consist- 
ing homogeneous material. Yet both act very much the same 
manner, showing quite plainly that due general law 
Nature, might expected. 

few years ago, the writer, while connected with the engineering 
force railroad during construction, noted that during the excava- 
tion certain borrow-pits where cave-ins occurred and men were 
caught them, that the men were never hit the head masses 
earth falling from above, but were nearly always caught around the 
feet and legs, and thus tripped and overcome. This condition tends 
show that failure unbraced bank, carried depth where 
will fail for the first time, somewhere near the bottom, 
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Mr. Paige might expected, for, the writer’s opinion, the bank fails because 
its own weight becomes great that the ultimate strength the ma- 
terial reached. The greater the depth, the greater the dead load, 


and therefore natural expect the larger stress occur the 
bottom. 


an Top View t 


Section Line 


Fig. 59. Fie. 69. 


The writer agrees with Mr. Haines that the tendency bank 
fracture along the curved surface, Fig. 59, actual, but 
does not believe that this surface should extended half circle, 
that the only reason for fracture along the line, Fig. 59, 
that line least resistance. 


a 


Fie . 61. Fie. 62. 

Now, the causes which are responsible for the failure 
bank, shown Fig. 60: Assuming regular arc, for simplicity, 
and that the movement along the are, Fig. 61, frictionless, 
known that the wedge-shaped area, Fig. 59, will as- 
sume such position shown Fig. 61. Assuming, also, 
that the distance, Fig. 59, the constant depth which 
certain material will fail for the first time, evident that the 
inward tipping character, the final position the wedge, just before 
becoming granular, being somewhat shown Fig. 62. 
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movement this kind will account for three conditions which Mr. 
are noted actual failure the field: 


(1) The inward tipping the original surface, Fig. 60; 

(2) The fact that certain portion the block, 
Fig. 60, not disturbed mass, showing that has 
not been subject either stress impact during failure 
the bank; 

(3) That bank does, and has been seen to, fail the field 
point somewhere between and Fig. 59. 


The conclusions that the writer draws, from the action this 
wedge, are follows: 


(1) That the failure the wedge due certain shearing 
stresses acting along the arc, Fig. 59, such 
magnitude that the ultimate strength the material has 
been reached; 

(2) That bank carried the known depth first failure 
certain material can retained well the bracing 
the bottom half the top half, with the exception 
the inconvenience due the effects erosion the 
top edge the bank and the consequent fall small 
masses earth the workmen below; 

That, such bank braced over its upper half, the 
pressure the wedge, Fig. 63, will re- 
lieved, owing horizontal arch- 
ing action between the bracing 
and the stable portion bank. 
Fig. 63, will retained po- 


sition least for certain time, 
depending local conditions 

due friction, along the are, 

strength material, which lat- 63. 

ter term, used the writer, includes many conditions 


molecular adherence which nothing known 
present. 


applying the term “horizontal arching action,” the writer wishes 
call attention condition which thinks the utmost im- 
portance the study earth pressures. Take, for example, bed 
rock which overlaid two three miles solid 
known that, per unit area, this bed rock does not receive load 
direct ratio the dead weight column rock section 
equal the unit area. known that some type arching action 
relieves the stress the lower strata, just the arching action would 
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the case hollow sphere subject externally and uniformly 
distributed load, the tangential compressive stresses acting the shell 
the sphere much the forces gravity cause lateral compressive 
stress the crust the earth. 

Mr. Haines, Fig. 31, applies arch which stands end. 
states that, long the ultimate strength compression 
not exceeded, the arch will stand; other words, that will 
equilibrium. The writer’s opinion that this arch would not stand 
all approached near the point, that the dead load 
the earth from downward the arch not enough balance the 
vertical component the upwardly inclined reaction which com- 
mon all arches placed such position shown. this arch 
did point very close shown Fig. 31, then there 
weight material overcome this component, which has 
tendency shear the material along plane normal the compressive 
forces acting the foot the arch, Fig. 31. 

the writer’s opinion, arching action such shown Fig. 
will prove worthy investigation. Here there arch, the 
thrust which taken the bracing one side and the stable 
portion the bank the other, while the vertical component the 
oblique reaction taken the friction the bracing and the 
stable bank, thus relieving the wedge, Fig. 63, from the 
fore, the wedge, remains place because adherence 
and friction along the are, 

The foregoing discussion has dealt with the distance, Fig. 
59, assumed the depth which certain material will fail for 
the first time. The writer will now attempt show how the same ma- 
terial, with its same constant depth failure, will act when this 
trench carried still deeper. Referring Fig. 64: Bounded 
depth will assumed its constant depth failure. 

Now, carrying the trench ft. deeper, total depth ft., 
then, following such approximate fracture planes occur the 
failure bank the field, found that the distance, 
equal half the constant depth failure, and that the distance, 
tion. Carrying the trench ft. deeper, total depth ft., 
found that the distance, becomes ft., and that one may 
expect the material fail this point the same manner did 
the point first failure. Two points interest may now ob- 
served the diagram: 

(1). That the second point failure the bank not reached 
until the depth the trench twice the depth constant failure; 
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(2).—That the center gravity the wedge, 18, Mr. Paige. 
with that the first wedge, also that line 
passed through the centers gravity these two wedges just 
than one-third the height the trench from the top. 

From the diagram, now seen that each increase depth 
trench beyond ft. will cause additional failure for the line, 


y Li 


_|2 | | | |_| 

Center of Gravit |. L 


Fie. 64. 


increased length for each increase depth. Carrying the trench 
first ft. and then 10-ft. stages depth ft., and con- 
structing the respective wedges failure, found that the diagram 
has developed several new points interest: 

(1).—It seen that line drawn through the points, 
will pass through and will form angle 45°, both 
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Mr. Paige. with the surface the ground and the face the trench. This con- 
dition was expected, and due the fact that the radius 
the arc, the actual failure bank the field, found 
equal half the depth which the material will fail. 

(2).—That line through the points, 25, inclusive, extended, 
will also pass through and that, from 25, locus the 
right hand upper point all the possible wedges failure formed 
after twice the constant depth failure has been reached and ex- 
ceeded. 

(3).—That, taking only the three wedge areas, 18, 
bined areas falls distance from the top trifle less than one-third 
the total depth the trench. 

(4).—That line passing through the respective centers gravity 
fall point distant from the top equal one-third the depth 
the trench which develops any the above mentioned triangles. 

approximate calculation, may seen that the 
depth trench, and also that the center gravity the continually 
wedge area falls point about 28% the total depth 
trench from the top. 

(6).—That line passed vertically through the center gravity 
the triangle, will connect with line passing hori- 
that the center gravity the wedge area the intersection 
this quarter circle with line passing horizontally through the center 
gravity the wedge area. 

Mr. Haines has mentioned the fact that the field had noted’ 
fracture the bank back the first which appeared the sur- 
face, even though the trench were carried considerably deeper. 
writer would account for this two ways: 

(1).—That the fracture zone was possibly one caused give in: 
the bracing, due new wedge areas coming into action, and that 
might not necessity fracture caused arrival the point 
first failure; 

material bank which has constant depth 
failure such condition that does not have fracture 
order exert pressure. Before the excavation trench, the ma- 
terial under action compressive forces which tend reduce its 
volume; and, the instant trench dug, lateral compressive forces 
are removed one direction and the material has decided tendency 
increase volume, thereby exerting pressure any plane 
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opposes such expansion. this assumption, the bank the diagram Paige. 


order cause pressure the face the trench wall, but, 
the bracing restraining the trench wall were give, such fracture 
might 

This diagram, the geometrical features which are developed from 
the manner which banks land slides actually fail the field, 
interesting principally from the fact that shows quite clearly that 
the greatest stress the bracing restraining bank may looked for 
point about one-third down from the top. would also lead one 
believe that the stress varied directly the wedge area, but until 
one knows what distribution load and stress the cause the 
curved fracture zone, value calculating such pressure. 
the writer’s opinion that, even some future writing 
able show mathematically the cause this curved fracture and the 
consequent increment horizontal stress developed the wedge, 
doubtful whether such information would value until great 
many experiments had been made tending show the actual pressures 
exerted material bank, also experiments which will show 
the ultimate values, compression, tension, and adherence, most 
the common classes material excavated. These figures would 
then vary great deal from those actually developed the field, 
owing local conditions, the presence moisture and its percentage 
being paramount. the writer’s opinion that the tendency toward 
fracture zone, both horizontally and vertically, caused 
the varying density the material, due the removal lateral 
compressive forces. 

the reason for the wedge leaving the bank point about 
in. above the actual bottom the trench, shown Fig. 59, 
the writer thinks fact ample proof the elasticity the 
material, for the shearing stresses must carried the undisturbed 
portion the material the bottom order cause equilibrium; 
and, further, order that the material able this, must de- 
velop elastic qualities. 

The writer now desires quote from the discussion Stan- 
ton, Am. E., the paper entitled “Lateral Earth-Pressure 
and Related Phenomena,”* which Mr. Stanton describes briefly two 
large land slides the Thompson River, British Columbia. Those 
portions the discussion the most interest the writer are 
follows: 


“At both places the country orginally sloped from the river 
series benches terraces the first line The south 
slide has extreme length 1880 ft. along the railway, and 
extreme width, back from the river, 1575 ft. somewhat 


* Transactions, Am. Soc. C. E., Vol. LIL. 
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irregular form, with semicircular outline the back, and covers 
area acres. The north slide has maximum width its widest 
portion nearly 0.5 mile, and length, back from the river, approach- 
ing 0.75 mile, with the same semicircular back line. irregular 
form, and covers area 155 acres. The height the first bench 
next the river, both cases, was originally about ft. above low- 
water level. The land then rose successive levels height, 
the south slide, 400 ft. the bench the top, back edge, where 
the cave-down broke off the solid ground, and, the case the north 
slide, the third higher bench 500 ft. above the river. 
impossible ascertain what depth these enormous masses 
earth and loose rock broke, or, other words, the depth the plane 
which the mass moved toward the river; but estimated that 
the back edge the south slide the break fell almost vertically for 
distance more than 300 ft., and the north slide perhaps more 
than 400 ft. 

the case the south slide, estimated weighing 
some 32000000 tons, and the north slide approaching 
tons—the whole mass dropped vertically, while the immense tracts 
broken and mixed material seeking outlet forced their lower sides 
out the line least resistance and found their way into the river. 
This action distinctly shown the almost vertical walls the 
boulder clay along the outline these two slides. While their 
foot there now talus slope crumbled material, these walls stand 
vertically height from 200 ft., more clearly shown the 
north slide, where the vertical cliffs boulder clay, and places 
the silt itself, extend around the whole slide for distance more 
than 1.5 miles. also shown the present position large sec- 
tions the original surface the highest bench, which broke off 
the line the back wall, and which now stand the sunken mass 
angle about their former level surfaces tilted back 
and away from the river. The back edge thus dropped first and lower 
than the portion some distance front it. dropping and push- 
ing out toward the river, the whole tract was broken into sections 
great cracks, which still exist. The larger cracks run parallel with 
the river and right angles the line movement, while the other 
and smaller cracks run every direction, cutting the whole into blocks 
boulder clay and dry silt.” 

the many interesting points this discussion Mr. Stanton, 
the most interesting proved the existence these large cracks 
which run normal the direction movement the slide. Such 
would due planes movement such shown Fig. 64, 

Fig. 64, considering all material below the writer’s 
opinion that the wedge below will retained position 
the event the upper half the trench being adequately braced, 
owing the same forces which retain the far smaller wedge the 
ease first failure the bank, that is, friction along the arc, 
the relief the load, due horizontal arching action and 
the adherence tensile value the material. 
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With reference driving sheet-piling: certain point the Mr. Paige. 


driving, noted that sudden increase resistance occurs. This 
may explained the following manner, referring Fig. 65: 
driving pile, the material within certain distance stressed be- 
yond its ultimate strength, thereby becoming granular, and also, owing 
the lateral compressive force exerted the material driving the 
pile, follows line least resistance, that is, upward. soon 
the pile reaches the constant depth failure the material, there 
tendency for the material fail, the case Fig. 59, action 
being from all sides and the pressure the pile greatest near 
its bottom. This failure the stable portion the material the 
writer thinks due the reduction lateral compressive forces, 
owing the rising the material around the pile, shown Fig. 
65. This condition has been noted the writer quite frequently 
driving round piles and also sheet-piling. 


65, 


retaining wall, the writer’s opinion that, the time 
back-filling, angle repose can applied calculating the 
forces which subject; but that, after few years, 
when the material has become well packed, the wall stressed 
far different manner than the time back-filling. 

Finally, repeated, that the diagram, Fig. 64, based only 
the action material which will stand alone certain constant 
excavated, and this reasoning will not necessarily apply 
material which contains large percentage moisture, such 
“swelling ground.” Such material will stand alone must develop 
the characteristics elastic body order so, that is, ultimate 
tensile, compressive, and shearing unit stresses. Any land slide 
bank that fails, and doing develops the inward tipped original 
surface together with nearly vertical fracture from the stable ground, 
cannot have moved along plane the cross-section which will 
right line, but, necessity, must have moved outward and downward 
along curved plane, not necessarily quarter circle assumed for 
simplicity Fig. 64, but any curve, parabola hyperbola. 
The percentage moisture material has more with the 
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manner which will act than any other single cause, the cases 
loams, clays, sands, gravels, 

The writer believes that what needed most, lateral earth pres- 
sure investigation, general law which known true for 
material average class. Until such law developed and proven 
true, will not pay attempt derive formulas for calculat- 
ing the pressure bracing. Such general law, developed, will 
have supplemented the results many tests and experiments 
made actual banks the field, before can applied 

The writer believes that, nearly all cases, economy 
avoid failure, with its consequent delays and excessive unit cost for 
clearing and reconstruction, and when such successful and capable 
men Messrs. Meem, Haines and Goodrich vary much their 
methods and results stresses bracing, quite evi- 
dent that such trench bracing has done its work far more likely 
have been excessive than economical. 

the present time, Fig. submitted only with the hope that, 
deserving investigation the Profession, such investigation will 
step toward the development new general law for the move- 
ment earthwork some the common problems with which the 
engineers to-day are confronted. 


relates subject which very little reliable information avail- 
able. There are several reasons for this lack data, and possibly the 
principal one the fact that the pressures exerted earth are diffi- 
cult determine experimentally, and vary within wide limits for the 
same material under different conditions moisture. The variation 
the moisture, moreover, may take place within very short periods 
time, causing the material change from dry saturated rea- 
son heavy rainfalls. 

The author, the result his observations, proposes new theory 
earth pressures, used designing sheeting and sheet-piling. 
This theory reverses the usual assumptions, and places the resultant 
the pressure one-third the depth from 
the surface, instead two-thirds, 
customary. 

order test this theory, for general 
ease dry granular material, the follow- 
ing experiment was made with box in. 
deep, about in. long, and in. wide, one 
end being replaced piece stiff cardboard arranged act 
simple supported beam. (Fig. 66.) 

The length the box was such that the angle repose, 
the material, which was fine granular sand made crushed blast- 
furnace cinder, would fall well inside the box. The angle, deter- 
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mined actual measurement, was about degrees. filling the mr. 


box, care was taken place the sand thin horizontal layers. 

The deflection the cardboard side, due the pressure developed, 
shown Fig. 67, which typical several experiments. 

Curve the position assumed before any 
settlement was noticeable the surface. 

Curves and are the successive posi- 
tions assumed after the surface had settled 
perceptibly, due the deflection the card- 
board, caused slight jarring the box. 

will noted that the point maximum 
deflection slightly below the center, was 
the case all the experiments made. 

Considering now the case beam with 
uniformly varying load, shown Fig. 68, 
follows that the theoretical point maxi- 
mum deflection 0.51 from the support, 
which agrees very well with the result secured 
the experiment. 

Considering the assumptions the sliding 
wedge earth made Mr. Meem Fig. 
would follow, using the same line 
reasoning, that similar triangular elements 
should considered computing the pres- 
sure the rangers and braces, and not the 

pointed out Mr. Jonson, this 
assumption triangular elements leads the 
conclusion that the greatest pressure the 
bottom the trench, and that the point application the resultant 
pressure one-third the depth above the bottom. 

The foregoing discussion the writer must not considered 
any sense argument tending disprove the existence, under 
certain conditions, greater pressure the upper portion sheet- 
ing supporting trenches and the like. 
seems fair, however, assume that, with 
granular material, the case true 
hydraulic pressure, the horizontal 

increases directly with the depth, and, ac- 
cepting the author’s observations de- 
crease pressure with the depth, follows 
that there may any intermediate condition between these two ex- 

With the present knowledge this subject earth pressures, 
seems practically impossible advance, with any 
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Mr. Gifford. degree certainty, the pressure for which provision will have 
made any given piece work, and this naturally leads lack 
economy the sheeting and bracing. 

The writer has recently become much interested the subject 
steel sheeting and sheet-piling, and, from the studies has made, 
believes that possible secure steel sheeting which will over- 
come many the difficulties attending the use wood sheeting, and 
the same time provide more satisfactory and economical construc- 
tion, the question the economical design the sheeting being 
naturally the result sought from study the pressures. 

There are general use, the present time, several forms 
steel construction suitable for covering surfaces subjected pressure: 


1st.—Plates. 

2d.—Buckle-plates. 

3d.—Corrugated iron. 

construction plates and angles bridge 
floors. 


5th.—Steel piling, structural shapes special rolled sections. 
these forms, the first and second, used for sheeting, would 
require stiffening members, the fourth would provide excessive 
strength, except possibly very unusual cases, and the fifth not 
suitable for ordinary trench work. 
The third, while too light for use sheeting the sizes now 
manufactured, seems offer very satisfactory form, properly de- 
signed and sufficient thickness and depth corrugation. 
The writer submits the following analytical determination the 
approximate necessary dimensions corrugated plate order that 
may equal strength timber sheeting the usual thickness, 
which may taken and in. 
Assuming basis comparison the coefficient strength, 
that is, the safe load uniformly distributed span ft., and 
for convenience, considering also width ft., the results for tim- 
ber are: 
load, pounds, that is, the coefficient strength; 
modulus; 
fiber stress allowed bending 800 per sq. in; 
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The dimensions given the corrugated iron can now con- 
sidered. 
Assuming that, for the corrugated section, the coefficient strength 
given with sufficient accuracy the formula: 
Where load, pounds; 
feet; 
The fiber stress assumed 15000 per sq. in., and in- 
cluded the constant, 500. 
Taking the span ft., and the depth corrugations in., 
and in., follows, for in., that: 
500 


t= 


500 
Therefore, for the equivalent in. timber, for 
000 
Therefore, for the equivalent in. timber, for 
000 
Therefore, for the equivalent in. timber, for in., 
750 

For work the temporary character sheeting, would prob- 
ably entirely practicable use fiber stress 20000 and 
should also noted that the closer the corrugations approach semi- 
circular form, the more economical the section becomes regards 
the ratio weight strength, and, for this reason, might ad- 
visable use more nearly semicircular form than present 
used for corrugated iron. 

will seen that these sections are such dimensions that the 
sheets could quite easily handled and driven the timber, and 
could readily made, say in. wide, which would reduce the 
number pieces handled. 

There seem good reasons for believing that steel sheeting, 


* For the derivation of this formula, see Engineering News, Vol. 58, December 12th, 
1907, a communication from George H. Blakeley on ‘ The Strength of Corrugated Sheeting. % 
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such here proposed, would prove more satisfactory than timber 
sheeting, and among these may mentioned the following: 

comparative estimate, the cost timber piling and 
corrugated-steel piling approximately the dimensions 
above, indicates that decided saving can secured the use 
such steel sheeting here proposed. 

2d.—The withdrawal, after back-filling the trench, will not cause 
settlement, the case with timber, account the smaller bulk 
the steel. This particularly important feature. 

lapping one corrugation driving, sand and water- 
tight job can secured. 

4th.—There would split piles, with timber. 

would easier drive and withdraw than timber. 

6th.—It would much more durable than timber that would 
practicable use ten times, with ultimate salvage 
value scrap steel. Timber can used only once, twice most, 
recutting, and has little salvage value. 

greater strength which can given the steel sheeting 
will result not only saving the quantity rangers and bracing, 
but—which fully important—the working space can made 
larger and will less encumbered. 

this discussion, necessary show that there has been miscon- 
ception, the part some the discussors, the differentiation 
which was made the paper between earth and aqueous 
pressure. The paper sets forth clearly the writer’s interpretation 
the difference the actions these well-defined types pressures, 
but, order that there may further misunderstanding concern- 
ing them, the materials, against the pressure which the engineer 
has provide, will divided into three classes: 


Class (“Hard rock, hardpan and hard, dry 
clay, or, general, any material which will stand in- 
definitely with vertical face unsupported. 

Class (“Soft clay, loam, dry and moist 
sands, gravel, broken stone, or, general, any material 
which will assume and maintain definite angle repose 
when allowed fall freely platform. 

Class (“Aqueous fluid earths, such 
pure quicksand, viscous material, such “bull liver” 
asphalt, or, general, any material which will not as- 
sume maintain definite angle repose, but which, 
eventually, will seek its level. 


avoid further misunderstanding, stated that all submerged 
subaqueous material should included with Class with the re- 
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strictions noted later. The writer asks pardoned for de- Mr. Meew. 
fining further: that the terms, “natural slope” “slope line,” used 
herein him what understands the generally accepted 
sense, that is, the slope which material, when dry, will assume 
allowed fall freely pile, the angle between this line plane 
and the horizontal the angle repose. 
addition these three classes, there are few kinds which defy 
such clays which swell and ooze through sheeting, and 
for which openings have left, and clays permeated veins 
quicksand, which are apt slide horizontally any other di- 
rection. 
generally conceded that the materials noted Class 
not require any bracing, except occasionally retain detached frag- 
ments place, and also conceded that materials this class 
arch themselves. Again, beyond debate, and clearly set forth 
the paper, that the materials Class exert pressure, 
and that these pressures are covered the 
formulas therefor. reference this matter, the writer may say, 
parenthetically, that does not share with one the speakers his 
fear that careless reading this paper may cause some young 
engineer design structure which may fail under hydrostatic pres- 
sure. trusts may pardoned for his candor when says that 
his fear heretofore has been that some engineer, taking too literally 
the theories earth pressures ordinary ground, may de- 
sign bracing other structures which may fail. The paper states, 
concerning pressures, that the full value the hydrostatic 
head should always taken calculating pressures subaqueous 
structures, although admitted that pressures corresponding its 
full value not always obtain. Where, for instance, any porous 
earth, such sand, submerged, the condition may illustrated 
comparing indefinite number tubes through solid ma- 
terial, each filled with water and opening against the face struc- 
ture, the tubes, course, corresponding the voids the earth. 
The effect this give full pressure (as would shown 
gauge) the mouth each tube, but diminished pressure over the 
whole area corresponding the percentage solid matter pressing 
directly against the structure. There is, however, corresponding 
percentage pressure from the earth solid material, which 
measured diminished tendency slide along the angle repose, 
and therefore arch itself against the upper sheeting, giving 
some instances, coffer-dams, somewhat greater pressure over 
the whole area than would the case for water alone. shafts and 
enclosed structures, however, this pressure diminished all cases 
the arching effect the solid material, except where the cover 
light preclude the possibility its arching. often noted 
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Mr. Meem, that, building subaqueous structures, the heaviest pressures, 
times causing deformation, occur during shortly after the progress 
the shield. This due the semi-liquid condition which the 
out-leak the air and the in-leak the water leaves the earth, and, 
soon the leaks are stopped and the material settles down and 
compacts itself, its arching tendency brought into play and re- 
lievés the structure much, and some rare instances all, the 
hydrostatic pressure. The exigencies construction, however, demand 
that the full hydrostatic head, stated the paper, shall con- 
sidered designing, being well note that pressure based 
the specific gravity the liquid, and not its weight per unit to- 
gether with that its suspended matter. 

safe say, then, that any submerged structure, which able 
withstand the operation being built, has reserve large factor 
safety governing its future stability. 

This does not apply tunnels soft ground built methods 
which allow excess voids remain above the roof, which 
leave large timbers place rot out and cause slumps the super- 
imposed material. The effect friction, diminishing the hydro- 
static pressure over the whole area structure submerged earth, 
shown the fact that, sinking caissons rapidly, and sometimes 
building tunnels, not always necessary use air pressure 
corresponding the full head. also shown indirectly 
the fact that internal water-proofing can and has been applied 
successfully masonry which was otherwise porous. 

the question water getting behind sheeting and causing 
hydrostatic pressure, difficult conceive such condition, 
floods and droughts, similar conditions under which pressures should 
for the full hydrostatic head. ordinary sheeting, 
provision should made divert heavy flow water, cases 
flood. small quantities, water may percolate seep through the 
sheeting, does through the ground, without doing any harm. 
When large quantities water rush through spaces the sheeting, 
the bracing fails, not because the hydrostatic pressure itself, but 
because the hydraulic mining, taking place behind the sheeting, 
which destroys the value the bracing, and causes the sheeting 
loosen and drop out. 

The writer has noted two specific cases which tunnels, under 
his supervision, sand, one for sewer ft. diameter and one 
for sewer ft. diameter, were entirely flooded, and also several 
eases which open cuts, both large and small, were badly 
all absolutely without damage, either the act flooding the 
operation unwatering. 

all these instances, the sheeting and bracing were known 
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tight, and there was opportunity for the hydraulic mining which Mr. Meem. 
was witnessed another trench which large sewer broke behind 

the sheeting during flood. The bracing collapsed, not from over- 

strain, but because lost its support from behind. 

Now, the arching effect “soft ground,” the Class ma- 
terials: Anyone who has delved the ground all must aware 
numberless instances the arching effect this material which 
have come under his notice. That some kinds ground this class 
arch themselves generally admitted. the admission, how- 
ever, the fact general and accepted theory that seems 
objected many engineers. has been the purpose this paper 
show: 


all materials Class arch themselves, and 
accordance with fixed physical law, which finds 
expression theoretical formula; 

(b).—And that this arching effect transmitted bracing 
the face wall which bisects its key and takes the 
place one-half the arch, and that governed 
the same general law and may also expressed 


true that “soft ground” does not arch itself, then would 
impracticable, for instance, depth 300 ft., brace 
narrow tunnel having width ft. broad one having width 
200 ft., and this, course, does not admit argument. 

Numerous instances have been given tests concrete slabs and 
other beams which the supported material arched itself, and made 
the test value. For instance, Fig. 70, testing slab, with 
the material piled shown, this slab not stressed the full weight 
the material vertically above it, and the material piled higher, 
indefinite height, will not make any real difference the 
carrying capacity the slab. will not disputed, the writer 
thinks, that the slab sustains only certain percentage the weight 
the material, above which the main body earth forms itself into 
true arch, bridging the space between the piers and being capable 
sustaining not only its own, but additional weight, proportion 
the thickness and strength the key. 

Now, suppose that one-half this material removed and that 
sheeting and bracing substituted therefor, shown 
there any reason believe that the stresses are changed because brac- 
ing has been substituted for what was formerly the key earth 
arch? The slab still carrying the weight portion the loose 
earth below, and the remainder arching itself somewhere between the 
bracing and the slope line, The writer believes that this test 
applies dryer sand well moist sand and loams, except, 
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course, that the dryer the sand the less its cohesion, and therefore the 
greater the load the supporting slab for the same thickness key. 

Again, Fig. 69, the tendency strut, exert pres- 
The tendency indefinite number struts piled one above the 
other slide along the plane, resisted the inter- 
position plane, right angles the line these struts, and 
this plane, would exert pressure against the proportion, 
Assuming the case flat angle repose, would 
approximately half which the writer’s reason for bisecting 
the angle between the vertical and the angle repose and assuming 
that the weight the entire mass, acts direct thrust against 
the line, probable, however, that this material arches itself 
along the lines, and the greater pressure, due the 


rise the arch being proportionately shorter than the tangent the 
angle, can offset reason the fact that the friction 
the mass prevents the full pressure from being exerted holding the 
particles more securely place, and thus, for want more specific 
data the subject, may still assumed that the thrust against 
assumed that and are brick arches, built dry 
brick, above, and independent of, each other. one can gainsay the 
fact that each all the lower arches could then removed with- 
out disturbing the stability those above, and that the pressures 
against the face, would directly proportionate the length 
and weight the arches, and therefore greatest the top. not 
difficult follow this idea from dry brick rubble, loose rock, 
gravel, moist sand, and finally dry sand, for there more 
physical reason why dry sand, under proper conditions, should not arch 
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itself than loose rock, being understood, course, that the lower Mr. Meem. 


loose particles under the imaginary intrados the point beginning 
the first arch are not included the arching effect which takes 
place above. well note here that this arch wedge partakes 
somewhat the nature coherent solid, not because its internal 
cohesion, but because the external pressure, which gives co- 
herence, long this pressure maintained, either the bracing 
being put tight originally, the wedging gives itself 
slipping down and adjustng itself solid bearing. Any cohesive 
added frictional properties which these particles may have rea- 
son moisture factor safety for the designer, and should not 
considered except doing rapid work, where the ground will not 
have time dry behind the sheeting. For instance, building sub- 
way through sandy soil region subject drought and which 
the bracing would have stand unprotected for long period, 
would unwise rely the pressures being less than those set 


| 
| 
| 
| 


| 4 


Fie 70. Fie. 71. 


forth the paper. This cohesive quality, virtue the ground 
being damp, may cause the material arch itself somewhat shown 
Fig. 71, and the line, may take the form parabola, 
shown Mr. Moran, Mr. Haines Fig. 29. 

The overhang shown Fig. doubtless due the protection 
afforded the paving above and the greater compactness and co- 
hesive qualities the earth directly below, thus transforming into 
cantilever what was previously portion arch. 

Plate VII shown here offset the criticism one writer, 
who stated that the exposed area sand shown Fig. Plate 
was too small value upholding the assumptions this 
paper. This view shows the sheeted side under-cut tunnel braced 
with light would called for the bottom trench 
ft. deep. The horizontal sheeting, 2-in. planking, here 
shown, held place vertical 6-in. (on the flat) spaced 
about ft. apart and engaged the concrete footing below 
backs the shoe-plates above. understood, course, that the 
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main body the tunnel carried timber bents pending this 
operation. plainly evident that face sand this area 
could not stand unsupported, and analytical consideration the 
subject should convince anyone that the sheeting only necessary 
hold place the loose sand below the theoretical intrados, above which 
the arching effect the material supports everything else place. 
Sheeting put carefully and tightly this, without greatly 
disturbing the sand back it, can depended upon with absolute 
certainty long violent disturbance takes place above the 
excavation not extended below this point. 

Referring again Mr. Haines’ discussion, appears the writer 
that and Mr. Haines are not very far apart, and interest 
note that, great extent, these discussions, prepared independently, 
follow the same line thought. Mr. Haines will doybtless admit 
ihat, absolutely dry material, the curve, Fig. 71, would ap- 
proach more nearly, not quite, the straight line, 

also states that, through oversight, the writer eliminates 
friction the consideration his earth pressure formulas. 
hardly necessary say that the writer considers friction very large 
element his but for safe practice has eliminated 
cohesion, which Mr. Haines must rely for the results obtains. 
Further, deriving the theoretical straight-line formula, the writer, 
order apply factor safety his formula, has considered 
the mass, Fig. 69, tending slide along the plane, 

other words, the writer has considered the material tending 
act the manner which would the bracing, were en- 
tirely removed and the mass were absolutely dry. recognizes the 
fact that this condition which will found practice the 
rarest instances, but realizes that large factor safety, approach- 
ing unusual but possible condition, not undesirable formula 
this character. very unfortunate that the experiments 
which Mr. Haines refers, showing that the heaviest pressure was 
found near the top, were not carried their logical conclusion, 
this case the necessity much this final discussion might have been 
eliminated. 

The writer regrets that has take issue with Mr. Pruyn 
his (the writer’s) experience, but only fair, its relation the 
paper, state that has not been confined Brooklyn, but covers 
somewhat large and varied experience Manhattan, dry, satu- 
rated, and subaqueous materials; and, further, covers reasonably 
intimate knowledge the action earth pressures excavations 
under railroad, municipal, and federal control, the marshes and 
uplands Delaware, the red clays Piedmont, Va., the 
mountainous districts Tennessee and Virginia, the more less 
saturated sands Southern Georgia and Florida, and the alkali 
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plains and mountain slopes Nevada and Utah; and has in- Mr. Meem. 


variably found that the same kind ground acts the same manner, 
matter what its locality. 

Referring Mr. Llewellyn’s statement that the depth enters 
small factor into the the miners Western Pennsyl- 
vania, seems reasonable that this should the case, particularly 
widening out drifts very essential that the depth known. 
The experiments made the Carnegie Steel Company (repre- 
sented Mr. Llewellyn) interlocking sheet-piling should 
watched with the greatest interest engineers, particularly any ex- 
periments which relate the bracing trenches sheeted great 
depths. That company’s interlocking steel sheet-piling, with which 
the writer familiar, not especially well suited for experiments 
proof denial the assumptions made this paper, will 
shown later, the longitudinal stiffness this piling destroys some- 
what the independent value the pressures each individual tier 
braces. other respects, the results these experiments should 
most valuable asset the knowledge the action material 
against piling these types. 

Mr. Moran’s discussion interest. The writer has always used 
the straight-line formula noted the paper for designing small re- 
taining walls, and after arriving the rectangle which balanced 
against overturning, has cut diagonal face, thus giving 
narrower top and wider base, which itself established factor 
safety against overturning without increasing the weight the wall. 

Ordinarily, wall designed this rational basis will found 
adequately strong against shearing, sliding, etc., but the proper calcu- 
lation against failure along those lines may readily made. Mr. 
White not entirely correct saying that the writer admits that his 
formula does not apply retaining walls. What the writer wished 
state was that retaining wall designed either any formula 
would have practically the same general form, that is, necessarily 
could not have increased thickness the top. There would be, how- 
ever, difference thickness and the detail the profile, accord- 
ing the theory which was designed. 

should not assumed that because retaining wall stands, 
because fails, the theory its design right wrong, just the 
stability failure certain types bracing does not prove deny 
the correctness any theory herein noted. For instance, the writer 
once, experience, constructed retaining wall dry 
masonry, ft. high and ft. thick, against bank sandy 
loam. battering the wall toward the bank and tying header 
sueceeded getting wall which, the best his 
narrow trench, which had been excavated parallel with and alongside 
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Mr. Meem. car track depth more than ft., and which was standing 


absolutely with unsheeted vertical faces. believes that, for some 
classes earth, the protection the face against erosion light 
masonry sheeting, all that necessary hold place. 

the other hand, can conceive condition which clay might 
slide moist well-defined seam probably angle 45°, the 
pressure from which wall the ordinary type would resist; 
and, further, does not believe that wall retaining perfectly dry, 
sharp sand will have reserve any factor safety designed or- 
dinary methods. 

The writer has seen numerous instances, also, cracked rangers 
near the top deep trench which the bracing was tight. each 
instance the bottom excavation was continued with entire safety after 
the weak members had been strengthened. These instances are given 
show how essential know one’s ground, and, knowing it, 
profit the knowledge. 

its broad sense, seems hardly necessary adduce proof that, 
sheeting put carefully and the bracing made tight and 
strong the work advances, the upper tiers bracing will hold the 
upper strata earth compact grip while the lower strata are 
being excavated and sheeted, and the writer would strongly advise 
anyone who has sheeted trench close the foundations buildings 
and finds that the ground shows any signs cracking, that his first 
after seeing that the sheeting tight, will wedge the 
braces which are directly front the foundations and nearest under 
the horizontal plane through their bottoms. 

the discussion, the difference between the writer and Messrs. 
Stern and others, seems principally the fact that these gentlemen 
assume that the accepted theories are infallible, and that practical 
must shown accord with them, while the writer as- 
sumes that natural conditions are fixed, and endeavors fit theory 
and the resulting formulas them. suggested careful reading 
the paper, pages 13, inclusive, the best answer which the writer 
can make much their criticism, and this also believes will 
give broader conception the purpose the paper than endeavoring 
answer the quotations which Mr. Goodrich has separated from their 
environment. made clear this portion the paper that the 
writer does consider hydrostatic pressure, and also why that 
flatter angle repose (in materials “free from excess gives 
less pressure tunnels than material which takes greater angle 
repose. Mr. Stern takes the unique position proving that the author 
wrong showing that may right Coulomb’s formula. 

Many those who discuss the paper seem lose sight the fact 
that sheeting primarily intended hold the material place 
all times compact grip, and not simply barricade prevent 
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the occasional slumping loose material. tight, strong, sheet- Mr. Meem. 
ing and bracing, these are not difficult get many would seem 

infer; and should cause reproach the profession that 

poor bracing often seen. There should more valid reason 

for the failure braced trench tunnel than for the failure 

concrete structure bridge. 

The Messrs. Cranford and Ketchum are interest 
showing different viewpoints men who speak from wide experi- 
ence. 

Now, just word those who say that the assumptions made 
this paper are contrary all accepted theories. appears the 
writer beyond the range successful contradiction, the ac- 
cepted theories are absolutely true, that there could have been deep 
tunnels driven soft ground ordinary methods, and also that the 
sheeting the bottom deep trenches 
sand would have been impracticable, the 
sand would have burst through the bot- 
tom before the sheeting could have been set 
place; and further, all theory the 
result practical experience, experiment 
and research, tabulated and formulated. 

For instance, even to-day, with their 

edge materials, engineers rarely build 

that they not destroy portion order 

build the remainder more safely; and the 

writer contends that there have been ex- 

periments real value connection with 

earth pressures, that is, they relate 

the assumptions this paper. have 

the effective, they should 

made with horizontal sheeting held place short vertical 
rangers, which, turn, should engaged longitudinal rangers 
and braces, each tier vertical braces being independent the 
other, shown Fig. 72. The pressures the braces could then 
registered independently and accurately. The experiments should 
made with absolutely dry, clean sand having definite angle 
repose, and with widely varying depths trench. summarize, 
for those who cannot find time read the entire paper, the writer’s 
conclusions, based the classification made the beginning his 
discussion, are: 


(1)—Class materials arch themselves. 
(2)—Class materials: 


(a).—Over tunnels these materials arch themselves, there 
sufficient depth overhead give the required thickness 
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Mr. Meem. earth key; and they require bracing only support 
the material below the intrados this earth arch. The 
depth tunnel practically consideration be- 
yond the limit noted above. 

small shafts these materials arch themselves hori- 
zontally, leaving the bracing carry only indetermi- 
nate amount loose material, set forth the paper. 
The depth shaft consideration the shaft 
small enough admit horizontal arching. 

materials arch themselves against the vertical 
inclined face wall braced sheeting, which face 
bisects the key and takes the place half the arch. 
One spandrel wall this arch somewhere between the 
key and the slope line, depending the nature the 
material. The effect this cause the pressure 
prism assume the form triangle with its short leg 
the top. The pressure against the sheeting trans- 
mitted the braces the usual way, may trans- 
ferred them series vertical groined arches, 
leaving the sheeting and rangers carry uniform load 
loose material “below” these groins. 

Next the angle repose the material itself, 
depth the most important factor entering into the 
consideration pressures this class; and depth 
trench can reached where will impossible brace 
the top against the pressure which will develop that 
area. 

(d).—When the materials Class are submerged, account 
should taken the hydrostatic pressure, set forth 
the paper. 

(3)—(a).—The pressures covered materials Olass should 
calculated for the full hydrostatic head, based the 
specific gravity the aqueous material, and not its 
weight per foot together with its suspended matter. 

(b).—It should distinctly understood, however, that the pres- 
ence water sand, giving cohesive qualities, 
adds to, rather than detracts from, the arching property 
the material, unless the material sufficiently soft 
fine held solution suspension (as pure 
quicksand). 

(4)—The writer believes that the formulas given the paper, 
whether new standard, are absolutely safe for their 
respective conditions, but that factor economy may 
introduced, many instances, according the ex- 
perience and judgment the engineer. 


j 

: | 

| 
| 


DISCUSSION EARTH PRESSURES AND BRACING 


conclusion, well, Mr. O’Rourke suggests, “stick Mr. Meem. 
the big timber,” when doubt, but the function the engineer 
find where these big timbers properly belong and eliminate them 
elsewhere, and the earnest wish the writer, particularly 
these days forest conservation, that the Society shall not let this 
matter rest until the responsibility these big timbers properly 
placed and defined clearly that “those who run may read.” 


Fie. 73. Fia. 74. 


The writer offers the following description some minor experi- 
ments which has made since the paper and discussion were written. 
Fig. 73, the bottom being cut away, leaving only projections 
two opposite sides and sheer faces the others, thus making 
hole the bottom about in. false bottom, in. thick and 
in. square, was then made, covering 
little more than the outside area 
the box, and bolts 
were run through this, and engaged 
with square washers and nuts 
shown. was found that abso- 
lutely dry sand would 
sufficiently carry the false bottom 
and its own bottom load and super- 
imposed load, depth in. 
(z, Fig. wheat with well- 


Ee? 

' 


rounded grains was found re- 
quire somewhat wider pier 
haunch than in., therefore the 


width the bottom opening was narrowed in., when 
was found that the arching effect the wheat would carry its own 
bottom load depth in. (z). board was then inserted 
represent sheeting, shown Fig. 74, and the sand was found 
itself depth in., showing clearly that arching took 
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place against the sheeting. Water was next introduced sufficient 
quantity allow seep through the crevices the bottom, show- 
ing that the sand was completely saturated. was found that 
depth in. the arching properties the sand were such that 
would its own and the added bottom load together with that 
caused the box being filled the top with water. believed 
that these experiments prove conclusively the principles set forth 
the paper, although the scale the experiment somewhat too small 
base upon their results any theoretical deductions other than the 
principles set forth the writer’s final summary. 

further pursuit these experiments larger and more 
scale commended those who may have the time and 
means carry them out. The writer does not hesitate say that, 
even scale large enough practical value, believes the 
results will found correspond with those the small 
box. 
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RECENT PRACTICE HYDRAULIC-FILL DAM 
CONSTRUCTION.* 


Am. Soc. (by Schuyler may Mr. Howells. 


called the godfather this system constructing dams; gave 
the name, more than ten years ago, and has since 
given greater name the study and application its principles 
his wide practice, and also the presentation the results his 
work the profession. 

the establishment plant for hydraulic-fill dam building— 
either the form long ditches and flumes, pumping plant— 
very large item the cost the construction work which serves; 
and thorough foundation work just necessary, and often al- 
most expensive for small dam for large one; and also, 
water storage usually increases rapidly with the additional height 
the dam; the assertion made the author that, under proper condi- 
tions, such dam ean safely built height from 250 300 
ft., has striking significance. The writer sees reason dispute 
this assertion, and, when such dams have been built, great advance 
will have been made their economy and usefulness. 

The Location Hydraulic-Fill Dam’s Drainage, and the Sup- 
port its Puddle author describes two mishaps which for 
the time seemed almost endanger two the dams under discus- 
sion, viz., the Crane Valley and the Snake River Dams. These mis- 

* This discussion of the paper entitled “ Kecent Practice in Hydroulie Fill Dam 


Construction,” James Schuyler, Am. Soc. E., was received too late printed 
with ithat paper in Transactions, Vol, LVIILI, p. 196. 
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Mr. haps teach lesson which should not forgotten—namely, never 


place the drainage system (intended collect the seepage the dam) 
close proximity the puddle core. 

the case the Crane Valley Dam, the drain was porous 
cement pipe moulded place, without joints, founded bed-rock, 
and covered depth ft. with mixture coarse sand and 
particles broken stone varying sizes. This was intended 
safeguard case any possible break the porous drain, but when 
the latter was fractured the emergency blast, described, this sand 
and crushed rock, either account its deficiency for some other 
reason, did not heal the break, but permitted the immature puddle 
core leak away until stopped other causes. 

the case the Snake River Dam, the down-stream half the 
entire structure drain the form substantial rock-fill. This 
separated from the hydraulic-filled puddle core double layer 
wooden sheeting, but imperfection this sheeting caused 
considerable quantity the puddle core, while still immature, leak 
away. 

While known that the dam’s weight ultimately squeezes out 
the entire structure the water used for transportation, and permits 
the puddle core mature passing from practically liquid 
solid state, yet, for security during construction, and greater pre- 
caution after maturity, the writer the opinion, stated above, 
that drain should close proximity the puddle core. Neither 
should any perishable material form partition between the two; for 
after the drain has delivered air the wood and caused its decay 
(and especially the wooden partition nearly vertical and decays), 
will not the interstices the rock-fill borrow from the puddle core 
and cause settlement? the case question, the nearly vertical 
wall rock-fill which supported the plank sheeting was carefully 
hand-laid, and thus doubtless reduced minimum the size the 
interstices adjoining the sheeting, and, with the rock supplied the 
puddle side also, the chances borrow were correspondingly dimin- 
ished. 

most instances would seem the writer more desirable 
place the wooden sheeting entirely within, and completely enveloped 
by, the puddle core, which position, being entirely cut off from 
supply air, and being furnished with ample moisture, would al- 
ways serve its purpose extra precaution against leakage. The 
plank sheeting, not carried too high, and placed nearly horizontal 
parallel the surface upon which rests, would require the seep- 
age water cross many joints, which, account the great pres- 
sure existing within the lower puddle section, would force these joints 
full clay puddle and thus completely break the continuity that 
seepage plane. 
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Where the scarcity material for hydraulic-fill requires the sub- Mr. Howells, 


stitution rock-fill, with the attending necessity for preventing the 
loss immature puddle core through the rock-fill during construction, 
the writer would prefer layer coarse sand and gravel and broken 
stone varying sizes, ft. thick, depending upon local condi- 
tions. This layer should nearly vertical the up-stream face 
the rock-fill, and should placed position the 
rises against it, thus supplying artificially more nearly proper grada- 
tion imperishable material for the complete support the unstable 
puddle The expression, “more nearly,” used advisedly 
the writer, believes that ideal conditions are secured only 
hydraulic-fill throughout the entire dam, proper materials are avail- 
able; which case imperishable materials, from the size rock and 
boulders ft. diameter down particles clay the fineness 
flour, are systematically arranged that perfect gradation and ar- 
rangement the materials are effected the agency the flow 
water under varying velocities and volumes. which case the water- 
tight but unstable puddle core supported the center what may 
called two gritty dams reclining against and upon it, the latter 
composed gradation from fine, next the puddle core, coarse 
the outer faces, afford perfect sequence support; and yet, 
even among the coarse gravel and rock composing the outer third 
the dam, the interstices are filled solidly with smaller stones, gravel 
and sand, afford not only the high friction needed for stability, 
but are locked together compactly entirely vermin proof. 

the exact position, then, which drain should occupy, the 
writer can suggest fixed rule, but believes that, the majority 
cases, the dam site the stream-bed portion will found covered 
with bed sand, gravel and boulders greater less thickness. 
and carry away this bed gritty, porous material from 
under the down-stream half the dam would expensive error, 
when greatly needed its natural position drain, 
collector seepage for delivery drain, bedded deeply 
within its mass convenient for gravity outlet below. The drain 
pipe such should run longitudinally with the dam and far 
enough from the center under the lower porous third the dam; 
and, when the hydraulic-fill begins, care should taken not cover 
the down-stream third the dam site with water-tight material and 
thus cut off the downward approach seepage toward the drain. 

For the portion the base the dam which lies without the 
stream bed, these natural conditions should imitated artificially, 
and this the writer also recommends for the stream-bed section 
other dam sites where beds gravel and boulders exist. 

Suggested New Departure the most 
instances the writer’s experience, the completed work would have 
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been more economical convenient material had not been scarce; and 
the possible material for gravity delivery into the dam has often been 
found indurated and difficult expensive put into liquid suspen- 
sion; also, the grade lines are almost invariably too flat for the de- 
livery the rock essential ideal construction. the other 
hand, deep deposits ideal material—scarcely ever indurated—are 
almost invariably found the proposed lake bottom the lower 
slopes about the dam site. Furthermore; plant for reaching lower 
material far cheaper install than one delivering water under high 
pressure high elevation. All this has led the writer determine 
make innovation the next work this kind where these ordi- 
nary conditions prevail, that is, deliver all material heavy 
gradient the lowest possible point the center the dam site, 
and there construct masonry well tower, generous size, ex- 
tending from the bed-rock the top the dam. 

The progress this tower rises would precede the hydraulic- 
fill sufficiently yield heavy gradient from its top all directions 
all parts the dam; and this tower would operate extension 
elevator dipping both water and hydraulic-fill from smooth metal- 
lined sump below, into which sump the hydraulic-fill would sup- 
plied culvert connecting with the regular heavy-grade sluiceway. 

use could found for this tower gate chamber the 
completed dam, the cheaper method timber tower re- 
clining upon the up-stream face the dam might advisable. 

Instance where Hydraulic-Fill was writer 
first applied hydraulic-fill dam building about fifteen years ago, 
connection with earth dam, ft. height, built the 
about miles east Santa Fé, Mex. 

The material for the dam was being delivered and spread 
additionally spread dragging railroad iron, 
sprinkled with water wagons, and then puddled the constant travel 
flock 150 goats. One end the dam joined continuous ex- 
posure limestone ledge while the opposite end was founded upon 
drift deposit, into which test-pits had been sunk bed-rock and 
through which continuous puddle trench was cut. 

the dam rose against its abutments, the puddle trench was 
excavated advance, and, the bed-rock end, the ledge was also 
excavated into more solid material. When the structure had attained 
half its proposed height, the trench the limestone ledge suddenly 
developed caverns, often the size badger holes, which, upon be- 
ing followed, led off into the mountain. re-examination the 
adjoining mountain against which the reservoir water was stand 
revealed good solid rock, and, the flatter slopes, stable beds drift 
deposit. There was limit which this cavernous limestone could 
followed into the mountain, and, having already deep excavation, 
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the writer determined apply the hydraulic method for filling the 
caverns and sealing the dam’s connection with that abutment. 

All water wagons were put into service, and most the mules 
and all the goats were given vacation which, fortunately for the 
economy the work (and perhaps unfortunately for the mules and 
goats), was short duration. 

Water was hauled and suddenly released the concave top the 
dam, which was rather hopper-shaped next the cavernous limestone 
trench, that part the fill had been left lower than the remainder 
the work. rushed into the caverns, carrying with load 
sandy clay supplied from loose pile the entrance the trench. 
first those the caverns which had soft walls were even enlarged, but 
the hydraulic-fill was continued, and finally ceased swallowed 
up, but would still drain away rapidly; time, however, did 
issue from the sides the mountain below. The fill was finally com- 
plete, and even clear water would longer sink, but stood pond 
that end the dam ready absorbed the new material de- 
livered the wheel-scrapers. From this level the top the 
completed dam, the hydraulic test was applied, and once again 
higher level similar caverns developed and were filled. 

This dam has now been use fourteen years, and has given 
evidence leakage, and the writer, believing that other economical 
method could have overcome the difficulty its connection with this 
abutment, then became convinced that the time had arrived for build- 
ing hydraulic-fill dam complete, which, account the great 
responsibility involved, had theretofore hesitated inaugurate. 
Accordingly, the method was put into practice the dams constructed 
immediately after the Santa Dam, described the author. 

The writer, firm believer and advocate the 
dam ever before, believes sees still widening field for its use- 
fulness, and about begin Japan the construction the highest 
dam yet undertaken. 

cussion the paper hydraulic-fill dam Mr. 
Howells contribution, and for few remarks reply. 

interesting note that Mr. Howells agreement with Mr. 
Stearns preferring the homogeneous type purely hydraulic 
fill, which the exterior layers rock, gravel, and gritty, friction- 
bearing materials rest upon and are supported the interior mass 
clay puddle, which has been separated from the material, found 
heterogeneously mixed the borrow-pit, the varying velocity 
the water. The combination type rock-fill, backed hydraulic- 
fill upon the up-stream side, used successfully the dams-on Snake 
River, Idaho, has much recommend it, however, and ex- 
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tremely useful certain localities where rock plentiful and earth 
comparatively scarce. 

the the Zuni Dam, New Mexico, just completed, ex- 
perience has shown that this type dam was the only one which 
could have been built, under the peculiar conditions attending the 
construction. The rock-fill was built first, hand-laid dry masonry 
leaving gap ft. more the center. During construction, 
unprecedented flood, exceeding anything which had occurred for 
200 years, passed down through the gap without materially disturbing 
the work, although the erosion deepened the channel throughout about 
ft. Again, after the gap the rock-wall had been partly filled and 
hydraulic sluicing had begun, floods which the 
water rose considerable height back the wall and found its way 
through, without doing more harm than cause settlement about 
in. for distance ft. the center. completing the 
fill, the distortion thus caused was removed some extent, that 
now scarcely noticeable the eye. 

Had the original plans for building the dam homogeneous 
hydraulic-fill not been changed the composite type, the advice 
the writer, the work would have been totally destroyed the floods, 
doubtless would have led the abandonment the attempt 
build dam under such discouraging conditions. The completed 
structure, however, one the most substantial 
factory dams the West. The hydraulic filling was placed, 
described the paper, against the face the rock-fill, 
the manner advocated Mr. Howells his 
used the Snake River Dams. order prevent the soft 
mass from flowing into the rock-fill and escaping down stream, was 
necessary build dry embankment (as narrow possible, and just 
wide enough for team drive over) against the face the rock 
embankment. This made the work proceed somewhat more slowly than 
there had been only one levee build, and was possibly more ex- 
pensive than with wood core stop for the immature clay puddle. 

may interest here note that the total time sluicing 
the Zuni Dam was about 800 hours, during which time 000 cu. yd. 
were moved with stream 2.5 cu. ft. per sec., giving average load 
15% solids. The cost the work, including fuel and labor, 
building levees, averaged cents per cu. yd. The best day’s 
work was 750 cu. yd. deposited hours. 

The writer can see objection the wood diaphragm the center 
the rock-fill, with puddle clay filling the voids the rock 
one side, even assuming that the wood may finally decay. will 
surely last long enough permit the clay solidify and become 
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mature puddle core sufficiently solid stop leakage effectually. Mr. Schuyler. 
the wood decays, will constantly under pressure from both 
sides, and any softening yielding the wood must taken 
the gradual settlement the mass around it. The function the 
wood will have ceased soon the clay puddle becomes mature, and, 
the writer’s opinion, this must occur before decay takes place. 
general principles, however, would desirable, Mr. Howells 
points out, have the wood rendered imperishable being embedded 
the clay puddle. This plan being adopted the building the 
Nuuanu Dam, now under construction for Honolulu accordance 
with the writer’s advice. This hydraulic-fill dam, ft. long, 
and ft. high the center, with section rock-fill the down- 
stream side, covering only the stream channel, about 150 ft. long. 
This rock-fill built dry wall, vertical the up-stream side, 
which placed ft. below the line wood-diaphragm that runs 
through the entire length the dam, the space between being filled 
with selected clay puddle, rammed moist. The purpose the rock- 
fill this was give more effective drainage the lower toe 
the dam. This question drainage extremely important one, 
ond the writer fully agrees with Mr. Howells that any artificial drain- 
age provided should not reach far the center core the dam, 
but should confined the outer third, leaving stable mass outside, 
and thus avoiding the danger, encountered the Crane Valley Dam, 
losing part the unsettled, immature core material flowing 
through the drains. 

building the Silver Lake Dam, Los Angeles, Cal., referred 
the previous discussion, temporary drains have been provided 
driving six 2-in. pipes, some ft. horizontally into the down-stream 
face the dam. pipe provided with Cook well-point and 
strainer the end. They are about evenly spaced over length 
200 ft. the higher part the dam and from ft. above the 
The greatest quantity seepage gathered from any one 
these pipes amounted gal. per min. This has gradually dimin- 
ished one-fourth this quantity. One two pipes have ceased 
flowing, and the others have very small flow. This dam finished 
height ft. (Elevation 444), within ft. the top, the present 


writing (November 5th, 1907). From Elevation 436 Elevation 442, 
careful account cost was kept, delivery about 000 cu. yd. 
The average cost all labor, materials, fuel, pumping, was 
cents per cu. yd., including the the levees. Three pumps were 
used; one for supplying the jets for loosening the earth, under 
nozzle pressure from 100 Ib. per sq. in.; the second for pumping 
the liquid earth and water through ft. 8-in. pipe, and third, 
“booster,” pump, located midway the discharge pipe, assist 
relieving part the load the main pump, the latter having press- 
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ure about Ib. and the “booster” about per sq. in. 
About this head represented the lift the dam; the remainder 
was the friction the pipes. present, the discharge pipe has ex- 
tended distance 4000 ft. from the dam. All material for the 
dam (146000 cu. yd.) has been taken from below the water line 
the reservoir. During the period noted, when the cost account was 
kept, the delivery material averaged 500 cu. yd. hours, and, 
the volume water pumped was about 2.5 cu. ft. per sec., the solids 
averaged nearly per cent. 

Recent reports from the Santo Amaro Dam, Brazil, show 
average delivery cu. yd. hours, cost for labor and 
materials 8.5 cents per cu. yd., exclusive power, which would add 
about 2.1 cents per cu. yd. the value the electric current furnished 
were taken 0.5 cent per p.-hour. 

The highest rate delivery mixed rock and clay yet reported 
the Necaxa Dam, with one hydraulic monitor, discharging about 
cu. ft. per sec. under pressure 130 Ib. the nozzle, about 000 
cu. yd. hours. The highest percentage solids delivered about 
20. The minimum cost for labor alone 2.5 cents per cu. yd. Rocks 
all sizes, ton weight, are delivered through the flumes 
the dam, velocity ft. per sec. grade. 

dam has recently been built near Anaheim, California, for the 
Anaheim Union Water Company, Mr. Clay Kellogg, which has 
many interesting features its construction, about 80% the 
volume has been placed the agency water. The dam ft. high, 
200 ft. long the base, 800 ft. long top, with up-stream slope 
taining about 100000 cu. yd. The ground-sluicing method was used 
for the lower half the height, the material being loosened plow- 
ing and picks and bars. The water used was from cu. ft. 
per sec., and was divided into two sluicing streams, the material being 
conveyed flumes laid grades from per cent. The average 
cost ground-sluicing was about cents per cu. yd. When the dam 
reached height above which was longer practicable secure the 
gradients for conveying the material gravity, single-stage 
pump, operated gasoline engine p., was in- 
stalled deliver the sluiced material through 8-in. pipe, 800 ft. 
long, and along the dam. This pump has capacity ft. 
per sec. was located one end, and ft. below the crest the 
dam. second centrifugal pump, with capacity 0.5 cu. ft. per 
sec., was installed for supplying the hydraulic stream for cutting the 
bank, under pressure per sq. in., delivered through 1-in. 
nozzle the end 2-in. hose. This sufficed the mining, and 
clear water from ditch was added, the extent 2.5 ft. per sec., 
carry the loosened earth the lower pump. this manner about 
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600 cu. yd. were delivered daily hours total cost about Mr. Schuyler. 


cents per cu. yd. The material consisted clay, sand, and gravel. 
The side levees were built scraper teams. The water used the 
work was drained back into the reservoir stand-pipe connecting 
with the outlet culvert. was used the dam. The reser- 
voir intended for irrigation service. Its capacity 000 cu. ft. 
The work was begun February, 1907, and was recently completed. 

gratifying indication the rapid spread the 
process dam-building afforded the fact that Eastern engineers 
are beginning adopt it. The writer has learned very large 
dam being planned for the Cambria Steel Works Johnstown, Penn- 
sylvania, where Laval turbine engine direct-connected 
three-stage centrifugal pump for discharging cu. ft. per sec. 
under head 150 per sq. in. the nozzle for hydraulic sluicing. 
The dam will miles from Johnstown, more than 100 ft. 
high, and will contain 350000 cu. yd. Including deep and expensive 
foundations, large culverts for handling excessive flood discharge, and 
other accessories, estimated cost $500 000. 

The process being considered for the construction two dams 
for Springfield, Massachusetts, and plans are also being matured for the 
use this method for the construction the Standley Dam, near 
Denver, White and Company. This dam will exceed all pre- 
vious records for volume material moved, 140 ft. 
high, 900 ft. long the crest, and contain nearly 000 000 cu. yd. 

For boldness plan and dimensions, however, the 
dam projected the Buffalo Basin Irrigation Company, Wyoming, 
takes the palm. This dam create reservoir for the irrigation 
150 000 acres land, and said planned height 250 ft. 
and contain nearly.15 000 000 cu. yd. 
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ADVANTAGES, DESIGN, AND CONSTRUCTION.* 


both sides the question floating and graving docks, and leaves 
little room for controversy that very difficult discuss the 
paper. One point which not brought out relates locomotive 
graving docks the usual capacity such cranes from 
tons; and they can travel all around the ship, except across 
the caisson. With floating dock, however, very heavy work, such 
propellers, shafts, can brought floating derrick having 


very much greater capacity than locomotive cranes. This floating 


derrick, having capacity 100 tons, can come alongside the end 
the floating dock and land the necessary piece machinery close 
the bow stern the ship, from which can rolled along the 
deck and hoisted into position rigging and tackle from the bow 
stern the ship. With the locomotive crane, many instances, the 
floating derrick has bring the piece machinery the navy yard 
and land the wharf; from this point taken the locomotive 
crane the ship. 

the Algiers dock several matters needing improvement were at- 
tended soon after the dock went into commission. One the 
culties was get rid the water the decks the pontoons. 
was recommended that new floating docks should not have depressed 
floor plates, the deck plating should flush; was also 


* This discussion of the paper by Leonard M. Cox, M. Am. Soc. C. E., entitled ** The 
Naval Floating Dock—Its Advantages, Design, and C _ * was received too late 
to be printed with that paper in Transactions, Vol. LVIII, p. 97. 
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recommended that there should camber the deck the dock Mr. Bellinger. 


carry the water one side. was found later that the 
water could easily controlled cutting V-shaped openings the 
keel-block bearers, thus giving the dock list from in. 
one side. This permitted all the water run into little gutter 
one side the dock next the altar. Then, with fore-and-aft 
slope from in., the water ran from the deck readily. With 
lateral list the Dewey, the water can taken care without 
any camber. This permits the dock constructed much more 
quickly. Another objection the way which both floating docks 
are constructed the location the manholes. each case, the 
bilge-block slides cover and obstruct the manhole covers. This makes 


necessary take the slides order examine the interior 


compartments the pontoons work them painting, clearing 
out mud, ete. 

The author error his statement regarding the operating 
expenses dry dock, compared with floating dock. Instead 
only one man being required dry dock pumping plant, there are, 
the pump pit between Dry Docks Nos. and the New York 
Navy Yard, three men during the day watch and two during the 
night watches; one required the switch-board, and the other 
handle the valves. 

With regard the flexibility the dock allowing assume 
the shape the keel, believed that this will particular 
value, because, there any unevenness the keel, any uneven 
distribution the weight, either the floating dock the graving 
dock, the keel blocks will crushed. some cases, the keel has 
forced itself into the blocks in. 

The question traveling derricks was taken various 
times connection with the Algiers dock. was found exceedingly 
difficult arrive any satisfactory conclusion. any crane the 
gantry type traveling along the side-wall, the legs would have 
high enough clear the smokestack the center the side-walls. 
addition this, all extra weight placed floating dock, whether 
the form machine shop, air compressors, derricks, cranes, 
requires additional work every time ship raised. This increases 
the operating expenses the dock, and the additional weight has 
maintained, because the actual increase work equivalent the 
weight this additional material raised the same vertical distance 
the dock. very important change was made the Algiers dock 
substituting steam capstans for the steam winches, and adding two 
extra ones; thus one winch the bow now handles the anchor chains, 
and three capstans handle docking lines each side-wall. One addi- 
tional improvement, not yet adopted, change the bridges leading 
from the shore cylinders the dock, making the profile the top 
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Mr, Bellinger. surface straight line, and arranging the bridges such way that 
small running standard-gauge railroad track could run down 
the wharf and over them directly the gangway openings. 

very important point, taken the author general way, 
the cost painting. thought that some detailed figures 
this subject will interest, they are presented here. 

The actual cost one complete self-docking and painting was: 


$11 529.32 
443.37 


$17 972.69 


Such painting should done every two years the dock 
constant use. 
The painting the upper decks pontoons and side-wall, which 
should done every year, costs: 


438.21 


The total yearly cost painting, therefore, 
the cost the dock. For four years the cost repairs this 
dock has been kept. The average annual cost has been: 

Body dock 

Pumping plant 

Blocks, chains, fenders, and other accessories. 
Painting, total annual cost 


680.00 


less than per cent. probable that another coat tar-paint and 
self-docking now due. 

history the tar-paint used this floating dock quite in- 
teresting. 1891 there was patented compound called “Pyro- 
paint,” the formula for which was not very rigid. contained very 
small quantities salt, red lead, ochre, asbestos, lime and cement; 
all, lb. these small ingredients gal. coal-tar. Robbed 
all mystery, this meant alkali, thinner, and coal-tar. 

the Morgan line steamships (running New Orleans) had 
been painted successfully with plain coal-tar for some time, experi- 
ments were begun, October, 1902, Cunningham, Am. 
Soe. E., Civil Engineer, N., the New Orleans Naval Sta- 
tion, with various mixtures coal-tar, Portland cement, lime, turpen- 
tine, and kerosene. Strictly speaking, this coal-tar, having been pro- 
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duced the manufacture water gas, should called gas-tar. these Mr. Bellinger. 


experiments was found that lime could only used putty. 
report Mr. Harold Hoyt, January, 1903, states that kerosene 
far superior turpentine, both thinner and dryer. The 
kerosene mixture covered surfaces more completely, dried more quickly, 
and presented harder and more glossy surface. the result those 
experiments, the best mixture was found parts tar, part Port- 
land cement, and part kerosene; all measured volume. The 
chemical analysis showed acidity the mixture, therefore, nothing 
feared connection with applying this compound steel. 
This was called the Yards and Docks tar mixture the New Orleans 
Naval Station, but now called the Cunningham tar-paint. 

connection with the floating dock New Orleans, the history 
the painting interesting. Before April, 1902, the iron oxide paint 
which had first been applied the structure had disappeared 
very great extent, that April, 1902, the contractor painted the 
dock with red lead and white zinc. June, 1903, the interior 
the dock, the red lead below the water-line was good, but where the 
surface was alternately wet and dry (caused the operation the 
dock docking vessels) the paint was poor condition; the oxide 
iron paint the side-walls required renewal, and what remained 
the dock came off easily with brush. December, 1903, after two 
years use, was found that the bottom the dock contained in. 
mud, and the sum $250 was required remove it. This was 
done steam siphons, with water-jets stir the mud. 

the fall 1903 the work scraping, cleaning, and scaling 
the mass structural steel inside the pontoons and side-walls was 
commenced. was found that 25% the cost was required for paint- 
ing, and 75% for scraping. Considerable black mill scale was found 
the steel plates. order get this off and remove the rust scale 
which adhered very tightly the plate, diluted solution commer- 
cial acid (between and was used. The acid was 
applied the plating with frayed rope ends. After being left the 
steel for from min., depending the tenacity the scale, 
the plating was washed down with hose. This process softened the 
that was easily removed with ordinary paint scrapers. Paint- 
ing followed this pickling operation. 

The self-docking this dock was estimated require force 
twenty laborers, four machinists, and two shipwrights, total cost 
$57 per day. Docking and painting inside and outside the center 
pontoon and side-walls below the water-line required two months. 
Docking and painting the end pontoons inside and outside required 
one month. The force was about 100 men. October 1904, the 
cost painting all except the lower ft. the pontoons and side- 
walls was $4100 for labor and for material. this dock two 
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Mr. Bellinger, three dozen kinds paint were used competition with each 


other, but months’ time all had failed from line about ft. 
bélow the deck. Above this line they were good condition. try- 
ing find paint which would last, cement grout was applied the 
steel with brush, and was found that 1200 sq, ft. surface could 
covered with bbl. cement. was feared, however, that the 
vibration the dock while the engines were operating would cause 
the cement coating crack off; was also found that, under these 
conditions alternate moisture and dryness, the tar-mixture lasted 
just well any paint applied. The relatively poor showing all 
paints tested this dock given the following extracts from 
official report October, 1904: 


“The fact that the new paint bad condition, is, opinion, 
due the manner which the work was carried on. was the de- 
sire all officers present accommodate shipping the port much 
possible, the use the dry dock. following out this policy, 
the work scraping and painting the dry dock was subordinated 
the necessities the shipping this port, and was applied whenever 
the dock was not use. The effect this was follows: While the 
dock was use the paint was thoroughly soaked water. When the 
dock was raised for painting purposes, the water the pontoons was 
pumped low possible which permitted the paint already applied 
dry out thoroughly. The series wettings and dryings mentioned 
above has caused the paint lose its adhesion the steel, leaving 
the condition first described. 

“The reason that the red lead paint mixture applied the con- 
tractor stood well for about two years believed due the 
fact that paint was applied all over the dock one time and has been 
kept wet practically ever since was applied. This paint, though 
good condition last fall, account its being alternately wet and 
dry, caused the docking ships during the painting the dock, 
has lost all its valuable properties, and the whole work, the in- 
side the pontoons, needs immediate attention. 

“The condition the steel, owing the thoroughness with which 
the scraping was carried on, very good, that, taken once, 
there should very little labor necessary, outside the painting.” 


While the tar could applied, cold, without trouble, using 
small additional quantity kerosene, was found easier work 
applying the tar hot and using less kerosene. The quantity cement 
used was between pint and quart per gallon tar, the best way 
making the compound being incorporate the cement with the 
kerosene, and then stir the mixture thoroughly into the tar when 
used. 

The result all these experiments was the adoption January, 
1905, the following: one coat paint consisting parts red lead 
and part white was applied the steel work, then wearing 
coat surface coat the Yards and Docks tar-mixture, above 
was applied the red lead, inside and outside the 
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pontoons below the water-line. the pontoon decks and side-wall Mr. Bellinger. 
decks one coat red lead and white zine was applied, with wearing 
coat red lead and graphite paint. the engine-room two coats 
white lead and white zinc were applied the machinery, and for ft. 
the engine-room walls; above that height one coat was applied. 

addition its use New Orleans, La., this Yards and Docks 
tar-mixture has been used Civil Engineer Cunningham, 
N., the old tin roofs the buildings the United States Naval 
Academy, Annapolis, Md. was very successful stopping leaks, 
even when the tin sheets were full pin-holes. the New York 
Navy Yard, tin roofs and galvanized-steel roofs have been painted 
with this tar-mixture for the past year with most excellent results. 
The caisson one the dry docks was painted with one coat red 
lead next the steel and wearing coat the tar-mixture over the 
red lead. This was exposed the salt water the East River for 
nine months and then examined. the water-line, where wave action, 
ice action, had its full effect—that is, between low water and high 
water—the tar-mixture was worn through the red lead, but below 
the water-line was intact, though the glossy black surface was con- 
siderably dulled, giving sort brownish appearance. the tin 
roof one building—a blacksmith’s shop the New York Navy 
Yard—there were some valleys, over some the machinery the 
building, which were very leaky. Some holes this roof were 
large silver 25-cent piece; these were plugged with kind putty, 
made with large proportion tar and cement and very small pro- 
portion kerosene, and then the valleys the tin roof, which were 
full smaller holes, were painted with the regular tar-mixture. This 
was done during the fall 1906, and examined during April, 1907. 
was feared that the tar would crack during the cold weather and 
permit leakage. These old valleys are perfect condition to-day, 
far leakage concerned, and not single complaint was made dur- 
ing the entire winter. the steel piles and steel cylinders coal- 
ing wharf East Lamoine, Me., this tar-mixture was applied the 
steel between high and low water, the tide coming over the paint 
before had thoroughly dried. The report states that ice and tide 
action have gradually worn off the paint, but that “it wears better 
than anything else that have given thorough test.” 

urged against floating docks the expense maintaining the depth 
water under their bottoms situations where silting takes place. 
is, however, easy matter fit floating dock with silting pumps 
that the dock itself can maintain and even increase the depth 
water without removing from its site stopping its regular work. 
Such arrangement proposed for the dock designed 
Lyonel Clark, Esq., for Aberdeen. 
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regards the handling weights, does not seem that the float- 
ing dock worse off than the graving dock. said that cranes 
top the side walls would interfere with the handling lines, but 
this hardly the case, any handling lines takes place only when 
ship entering leaving the dock, which time there would 
use the cranes, and they could run the forward end 
the dock, thus leaving the side wall decks free. most modern 
shipyards, the tendency install powerful floating cranes for hand- 
ling heavy weights, and such cranes the floating dock much more 
accessible than the graving dock. 

emergencies, many dockings have taken place floating docks 
that never would have been undertaken graving dock similar 
size. case point was when the floating dock Barrow lifted the 
Empress China replace propeller. The Barrow dock 242 ft. 
long, over keel blocks, and the Empress China 456 ft. over all, 
thus leaving overhang 107 ft. either end. The steamer Shaw- 
mut, 606 tons, was docked the floating dock Moran Brothers, 
Seattle, Wash., for the purpose replacing the sternpost. This 
floating dock tons consequently, was out the 
question lift the whole ship, and was decided lift only the 
stern. order this, coffer-dam, conforming one the after 
frames the ship, was built one end the dock. The stern the 
steamer was then landed the keel blocks and lifted, while the for- 
ward part the ship was all outside the dock. 


Coffer-dam 


Fie. 1. 


thus seen that, extreme cases, floating dock can perform 
work that would require graving dock several times larger. 

The advantage one type over the other, thus far, has been mainly 
dependent upon the site, and seems that conditions the United 
States have been more favorable floating docks, there now being 
floating docks, compared with graving docks; while, for the 
future, the advantages seem all favor floating docks, 
account the greatly increased draft over keel blocks required 
modern ships. increase draft, from ft., over blocks 
floating dock not accompanied any structural difficulties, 
end the increased cost very moderate, while such increase 
depth water over sills graving dock will increase the structural 
difficulties and the cost enormously. 

one the advantages the floating dock for military purposes 
its mobility, the permanent equipment the naval dock ought 
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such render the dock ready for sea-going without any extensive Mr. 

additions. view this, short account the additions made 
the equipment the Dewey fit for its voyage the Philippines 
may interest. 

The Dewey was delivered the Government anchored the 

Patuxent where the dock was prepared for the tow. The moor- 
ings consisted eight mushroom anchors, two each corner, 
with fathoms 2-in. chain each. There was, however, pro- 
made for working these anchors, consequently new set 
ground tackle was supplied, consisting four stockless an- 
chors with 225 fathoms 2}-in. chain for each. For the working 
these, windlass was installed the main deck amidships, and chain 
lockers were built underneath. For housing the anchors, two 24-in. 
hawsepipes were provided either end, bracketed outside the pon- 
toons. similar arrangement was also made for housing two the 
mushroom anchors the after end the dock. Four towing bridles, 
consisting fathoms 24-in. chain for each leg, were supplied. 
For the belaying these, four pairs 24-in. bollards were added, 
making, with those already the dock, total sixteen, two 
each leg the bridles. wooden trestle and derrick were built 
the after end the dock, from which the bridles were handled 
when was desired tow the dock stern first. Wireless telegraph 
apparatus and Ardois light signals were also fitted. Besides this, 
number pad-eyes and links were riveted the main deck’ for lash- 
ing purposes. Davits were provided for two 26-ft. whaleboats, new 
guys were put the smokestack, extra quarters fitted, etc. 

From the experience gained during the tow, the following sug- 

gestions may made: 

The original design for naval floating dock ought provide 
means for working the ground tackles and housing the anchors. 

The capstans the dock had only one speed, which proved great 
handicap when the tow lines were sent over from towing ships the 
dock after the dock had been adrift. order this, the steamer 
that was going tow next ahead the dock would bear down the 
dock from windward and pass close enough throw heaving line 
board. Bent this would 3-in. line, which was bent heavier 
line, usually 6-in., which finally was bent the towing wire the 
drum the steamer’s towing machine. the steamer could not run 
slowly the dock was drifting, she had pay out whole lot 
line passing the dock and then stop leeward for the dock 
with her. The capstans were not able pull the line fast 
the dock was drifting, consequence which the line would form 
bight, the resistance which being towed through the water was 
such that the greatest care had taken not part line, thus mak- 
ing the connecting the tow very tedious proceeding. There- 
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Mr. Hansson. fore, seems that some the capstans ought provided with 
high speed. 

The wireless telegraph proved great value during the tow, and, 
naval dock might moved site where there would 
other means communication, would seem desirable make such 
outfit permanent part the dock’s equipment. 

Chafing gear ought provided for all sharp corners. The manila 
hawsers used passing the towlines were generally badly chafed 
that they were value after being used, once, which caused the ex- 
pedition short small lines after the dock had been adrift 
couple times. 

The wooden trestle built the Dewey was not used for the purpose 
intended, was found better handle the bridles from the main 
deck. the same time, swinging bridge aft, like the one provided 
forward, would doubtless prove great value that would facili- 
tate communication between side walls both sea and with ship 
dock, well being useful centering ship. 

would, without doubt, greatly reduce the towing resistance 
the ends were given less resistant shape than square, and the 
writer thinks the scow shape would preferable the pointed ends 
sometimes used docks. floating dock will always make angle 
with the course any wind long not from dead ahead, 
that, dock has pointed ends, the sides these would always more 
less square against the direction which the dock moving, 
whereas, the ends are scow-shaped, the angle would always remain 
the same, besides which, the scow shape has the advantage not re- 
ducing the deck area, would the case with pointed ends. 


Besides, for towing purposes, advantageous give the ends 
some kind shape, because greatly reduces the longitudinal bending 
moment, thus subjecting the dock lesser strains both when docking 
ships and seaway. 

Mr. Cox’s explanation the surging the bow section the 
Dewey while being submerged during the self-docking trials, that is, 
that was caused the unsymmetrical water line the pontoon, 
does not seem the writer correct. more probable that the 
surging was caused the current which was running rather strong 
the time and the effect which was not anticipated the valve 
man. 
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While sinking, the pontoon was held position hawsers from 
the after end the pontoon side walls the forward end the main 
side walls. When the pontoon floating level, Fig. there 
tipping moment, consisting the pull the hawser multiplied its 
distance the center the water line plus the force the current 
multiplied the distance the center the water plane. This mo- 
ment then counterbalanced excess water Compartments 
the pontoon. 


Now, suppose that the pontoons start heeling, Fig. The 
effect that while and remain practically the same, their lever- 
ages grow smaller. The moment, W,a, may considered constant 
for the small angles within which the heeling takes place. There is, 
then, unbalanced moment, W,a (Pb, tending heel the 
pontoon, which increases with the angle heel until finally balanced 
the stability moment. right the pontoon, the operator lets water 
into Compartments the pontoon rights itself, the moment, 
W,a (Pb, grows smaller, and becomes zero when the pon- 
toon level. There now, however, unbalanced moment, W,d 
(Fig. 5), caused the extra water let into Compartments which 
heels the pontoon the other way. This moment now being aug- 
mented the moment, Pb, W,a, which increases the 
pontoon heels, until finally balanced the stability moment. 
This, course, will repeat itself during the submergence the pon- 
toon. 


discussion forms substantial addition available data the cost 
self-docking operations and the annual maintenance expense the 
larger steel floating docks. His figures, based upon actual experience 
with the Algiers dock covering period four years, may, with 
item cover extraordinary expenses due accidents, taken 
basis for future estimates. 

the Algiers dock lies fresh water, not quite clear why the 
structure should self-docked two-year intervals; fact, even 
salt water, experience with similar docks would indicate that, because 
protection afforded marine growths, this interval could con- 
siderably extended. The paint upper decks and side walls should, 
properly applied the first place, last two years without renewal. 
pointed out Mr. Bellinger, the paint the neighborhood the 
water line particularly subject deterioration, and belt good 
width, extending from light load draft, should painted fre- 
quent intervals. 

Mr. Bellinger’s description the Cunningham tar mixture enables 
tLe writer repair oversight the original paper. The pontoon 
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deck the Dewey dock was painted with the Cunningham mixture mr. Cox. 
with very satisfactory results. This paint was adopted after trials 
under working conditions. Two Yarge adjoining squares the deck 
were selected; one was given three coats the adopted red lead mix- 
ture and the other one coat the Cunningham tar mixture. These 
squares were located the landward end pontoon, the building 
basin, and some two hundred men passed over them daily their 
way different parts the work. the end three weeks the red 
lead was worn through places, and the end six weeks hardly 
vestige remained. The Cunningham mixture, the time the dock 
sailed for the Philippines, some seven months later, was still good 
condition. interest note that the naval constructor charge 
the dock Olongapo well satisfied with this paint that has 
recently given the deck new coating. makes splendid wearing 
surface, cheap first cost, and can applied unskilled 
After applying this paint the deck the Dewey, dry Portland 
cement was lightly sprinkled over the undried surface. should 
stated, way caution, that wherever oil grease spots were not 
thoroughly removed from the deck, the tar paint flaked off scales and 
had reapplied. 

stated the paper, was thought that exposure plates the 
weather for period from one two years, during the construction 
the dock, would remove all mill became necessary, how- 
ever, supplement the weathering effect hammering, scraping, and 
washing, before paint could applied. There can but little doubt 
that pickling should specified for plates future Government float- 
ing docks, least for the under-water body. 

Regarding the question cranes, may said that the floating 
derrick the floating dock what the jib crane the graving dock. 
The jib crane not part the graving dock, but accessory travel- 
ing its own track from dock dock, wharf workshop. the 
same manner, the floating derrick may serve for handling ordnance, 
boilers engines from ships alongside the sea wall, serve the float- 
ing dock its moorings. The plan installing traveling cranes 
the side-wall decks floating dock, while appearing times 
general plans accompanying bids for proposed docks, not practical, 
because the necessary interference with guys, stacks, and other 
working parts the dock itself. conceivable, however, that 
quick-hoisting, light-lift cranes might installed intervals along 
the outboard edge the side walls with some gain the dock’s 
efficiency. 

may not out place state here, regard the writer’s 
criticism* the Clark sectional bolted type floating 
roneously referred the Clark and Standfield Pola type), that since 
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the paper was written, dock that description has been built and 
successfully self-docked.* 

Mr. Hansson’s proposed use silting pumps for maintaining the 
proper depth water under floating dock, and his reference the 

adoption such pumps part the permanent equipment the 
projected dock for Aberdeen, are interesting because the fact that 
the idea was proposed Civil Engineer Cunningham, 
1902, and subsequently patented him. The plan, patented, 
consists arrangement which the regular operating pumps 
the dock may take water through the flooding valves and discharge 
through openings the bottom. These openings are located 
cover practically the entire pontoon area. Provision also made for 
maintaining the dock the desired level while pumping. 

Traveling cranes may installed the side walls permit 
their being hauled the forward end the dock, thus avoiding 
interference with the ship’s lines docking, yet all smokestacks would 
have placed overhanging outboard platforms, and deck- 
houses, companionway hoods, would have located 
allow the crane legs pass unimpeded. Altogether, doubtful 
the advantage gained would warrant the additional expense 
and complication. 

view the interest shown the subject floating docks, the 
description the Dewey’s equipment for the voyage the Philip- 
pines—omitted from the original paper for the sake brevity— 
makes Mr. Hansson’s discussion particular value. should 
pointed out, however, that the hawse pipes and bill boards for housing 
anchors were not contemplated the original design, and that, there- 
fore, they were attached the outer shell, forming projections which 
would not only interfere with vessels making landing bow 
stern, but, the course the expedition, must often have caused 
annoyance fouling the towing gear. designs should in- 
clude such provision, built inside the pontoon structure. the scow- 
shaped pontoon adopted, this object could easily attained, with 
the added advantage having the anchors all times point fair. 

military floating dock should have permanent towing equip- 
ment which, far may possible, should also use the 
regular mooring and operation the dock. 

the time the towing the Dewey, the only experience 
the Government had had towing floating docks was with the New 
Orleans dock, which was towed its destination the Boston Tow 
Boat Company for the contractors, who were deliver the dock its 
site. special towing apparatus whatever was installed the New 
Orleans dock. After careful inspection the dock, the towboat 
company made bridle one the mooring chains, chafing planks 


* An account of this dock ar and its self- doc king te Sts appeared in Engineering, July § y 26th, 
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were placed the deck the bow which the bridle could work, 
and the tow started. arrived New Orleans without mishap, and 
without the parting line. That this simple arrangement for 
towing was not mere reckless proceeding indicated the fact 

that the towing company was receive compensation unless 
delivered the dock, and, further, that the underwriters, who assumed 

the entire risk for the dock, approved the towing arrangements. 

The towing the Dewey the Navy was not decided upon until 
the last moment, and the undertaking was then placed the hands 
seagoing officers. account the responsibility the work and 
the entire lack experience with towing operations this magnitude, 
was natural that provision should made for every emergency that 
could conjectured. asked for, that could installed 
the limited time available, was provided, and much was not 
used, 

The general equipment desirable for the towing floating dock 
has been described Mr. Hansson, and much all would 
permanent value mooring and docking operations. 

The history the towing the Dewey indicates that its fre- 

quent breaking adrift was the result trying make too much 

speed under adverse weather conditions and using too short tow- 
line. All these mishaps occurred during the first half the trip, 
and, experience was gained and possibilities realized, such 
rences ceased. 

towing floating dock the best results will obtained using 
the longest possible tow-line that can managed, and accommodat- 
ing the speed the weather conditions. certainly better make 
headway all, even some leeway, than part tow-line. 
using one vessel sufficient weight and power the towing, the 
strain the tow-line may quickly regulated, and maneuvering 
may simplified. 

The principal criticism which the Dewey has been subjected 
has with the absence pointed bow cut-water. This fea- 
ture was omitted, the advice the members the firm who towed 
the New Orleans dock, all whom accompanied that expedition. Mr. 
Hansson’s observation appears bear out the judgment the de- 
signers. The scow-shaped pontoon suggested the original paper 
seems the most feasible solution the problem reducing 
towing resistance, and just possible that that shape would result 
better boat. 

Mr. Hansson’s explanation the surging the forward pontoon 
during the self-docking tests simple and satisfactory. the writer 
informed that Mr. Hansson was present the trials the New 

Orleans dock, would have been interesting had explained the 
same phenomena observed with that dock when operated unit. 


The overturning moment that case could not have been augmented 
the pull holding lines, 
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REINFORCED CONCRETE PIPE FOR CARRYING 
WATER UNDER PRESSURE.* 


This paper describes the construction about 6000 re- 
inforced concrete pipe intended carry water under pressure; and 
also gives the results attained and some figures the cost. The 
work was charge the writer. 


History 


prominent feature the Salt River project, process 
construction Arizona the United States Reclamation Service, 
canal miles long, having capacity 250 cu. ft. per sec. 
This canal furnish power build the Roosevelt Dam, run 
the cement mill furnishing the cement therefor, and, later, pump 
water for additional irrigation the vicinity 

Livingston, about miles below the canal intake, the canal 
crosses Pinto that point nearly mile wide, and about 
ft. below the canal grade. 


* Presented at the meeting of October 2d, 1907. 
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The crossing Cottonwood miles above the Roose- 
velt Dam, which the lower end the canal. The crossing 
250 ft. wide the bottom and ft. below the canal grade. 

Pinto Creek has water-shed 190 sq. miles. the canal 
crossing its grade about 1%, and the material there sand with 
little gravel and small cobbles. 

the Cottonwood Crossing the has water-shed about 
sq. miles. The grade the creek about 4%, and the material 
boulders and gravel. 


Canal Sta.201+ 95.0 Stu.326410 Canal 


Grade E1.235.0 El.252.03 Grade 


PINTO PRESSURE PIPE 


EL.220.77 


Sta.323 +13.5 
E}.221.08 


Sta. 854+ 39.5 Sta.S69 + 80.9 
Canal Grade EL.226.18 Sta.869 +36 
Sta.864+58 El. 224.83 


El.222.86 


COTTONWOOD 
PRESSURE PIPE 


Sta.865 + 87.4 
E1.159,21 


Sta.S68 + 26.1 


Fig. 1. 


Both creeks are all the time, except for small un- 
derflow; but they are subject occasional large and sudden run- 
offs, characteristic the flow from mountainous water-sheds which 
lack vegetation. 

was decided make each crossing with two lines rein- 
forced concrete pipe, circular inside, and ft. in. diameter, 
giving the Pinto Crossing effective grade 2.97 ft. ft., 
and the Cottonwood Crossing 0.57 ft. 541.4 ft. The pipes are 
buried under the creek, their tops being from ft. below its bed. 

Fig. shows the profiles the pipes each crossing, the water 
level the canal full capacity being ft. above the canal 
grades noted. 

Fig. cross-section the Pinto pipe. The concrete the 
Cottonwood in. thick; there are ten longitudinal rods, and 
the spacing the rings in. from center center. 
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The reinforcement, longitudinal and transverse, consists 
steel rods, having ultimate strength 62000 lb. and 
elastic limit per sq. in. 

Pinto Creek there was excellent sand and gravel all points 
the excavation; the water used the concrete for the first line 
pipe was pumped from the trench (the trench intercepting the 


Longitudinal 


tods 


Excavation Line 


CROSS-SECTION PINTO PRESSURE PIPE 


Fia, 2. 


underflow the creek), and the first pipe was tapped furnish 
the water used building the second one. 
Cottonwood the sand and gravel, and nearly all the water, 
were hauled about mile from Salt River. 
The concrete was composed part Portland cement, 
parts sand, and parts rather fine gravel, and was mixed 
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Fig. 2.—Tue “ ALLIGATOR,’ UsED IN BUILDING REINFORCED CoNCRETE PRESSURE PIPE. 
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hand, quite wet, platforms boards about 150 ft. apart along 
the trench. 

The first length 200 300 ft. pipe was made June, 1905, 
with cement purchased from the Portland Cement Company, 
Denver, Colo. This was average Portland cement. progress 
120 ft. per hours was easily attained with comparatively 
raw gang. 

Afterward, the cement used was the product the mill in- 
stalled and operated the Reclamation Service furnish cement 
for building the Roosevelt Dam. 

During the summer and fall 1905 nearly the entire output 
this mill was required contractors for various other work 
along the canal, and work the pipe was frequently interrupted 
for ‘considerable periods time. 

account lack cement, also account several floods, 
the completion the first line pipe across Pinto Creek was 
delayed until the middle November, 1905. 

one line would carry all the water needed furnish power 
for building the dam, and power was required soon possible, 
the forms were then moved Cottonwood, where the two lines 
were constructed. March, 1906, the construction the second 
line Pinto was started, but, owing various delays not con- 
nected with the construction, this line was not completed until 
about August Much the time during the construction 
both Pinto pipes the temperature was more than 100° fahr. The 
Cottonwood pipes were constructed entirely winter, when the 
temperature was between and degrees. 

The cement manufactured Roosevelt, while excellent re- 
gards strength and soundness, has been extremely slow setting. 
average sample would test about follows: 

Fineness: 95% passed the 100-mesh sieve and 76% passed the 
200-mesh. 

Setting: initial, hours; final, hours. 

Tensile strength: neat, days, 450 Ib.; days, 550 months, 
625 part cement parts standard sand, days, 100 
days, 200 months, 260 Ib. 

6-in. concrete cube was made the materials used the 
pipe, except that the proportions were weight, cement, sand, 
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and gravel, mixed with about the same proportion water. 
The batch from which the cube was made was composed 1200 
cement (of which only 64% passed the 200-mesh sieve), 
sand, 400 gravel and 720 water. This cube, after 
having set for months water, was crushed 180 Ib., 644 
Ib. per sq. in. This rather low result was due partly the coarse- 
ness the cement, and partly the fact that such wet concrete 
was slow attaining its strength.* 

With such cement, and lin. ft. upper stationary plates, 
was found that not more than ft. pipe could made 
hours without getting into difficulties when the plates were removed, 
patches concrete would fall out peel off with them. With 
cooler weather, the difficulties increased; accordingly, the com- 
pletion the first line across Pinto Creek, the idea continuous 
work was abandoned, and work the Cottonwood lines and the 
remaining Pinto line was done with one 8-hour shift per day. 

the Cottonwood lines, built December and January, 
was found that only ft. pipe per day could built, thus 
allowing days for the concrete harden before removing the 
plates. 

The second Pinto line, constructed warmer weather, was 
built the rate ft. per day. 


Form. 


was considered desirable work continuously the pipe, 
with three 8-hour shifts, order avoid, far possible, trans- 
verse joints, and consequent probable opening between the work 
different days. 

facilitate continuous work, movable form was designed and 
introduced the work Teichman, Am. E., De- 
signing Engineer the Reclamation Service. 

Briefly described, the form, shown Figs. and and the 
photographs Plate VIII, follows: steel semi-cylinder, 
called “the alligator,” forms the inside the lower half the 
pipe; this piece pulled along cable from horse-power whim 


* Cubes since made from batches of concrete being put into the Roosevelt Dam 
have been crushed, at 3 months, as high as from &9 000 to 103 000 Ib. per sq. in. This 
concrete was composed part cement, parts sand made crushing doiomite 
limestone, and parts crushed sandstone, mixed the same degree wetness. 
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the trench ahead. kept line and grade steering 
apparatus, extending about ft. front its nose, and either 
rolling sliding light wooden track previously laid. The 
inner form for the upper half the pipe consists steel semi- 


Upper Stationary 
Plates 


Lower Stationary 
Plates 


Moving Mould — 
(Alligator ) 


MOVABLE FORM 
FOR BUILDING REINFORCED CONCRETE PRESSURE PIPE 


Fie. 3. 


Upper Stationary Plates 


PART OF MOVABLE FORM FOR BUILDING REINFORCED CONCRETE PRESSURE PIPE 


Fia. 4. 


cylinders 2-ft. lengths, each three pieces, that is, hinged 
two points, facilitate moving and erection. 

These upper stationary plates are bolted together, end end, 
making continuous form, from the front end, where concrete 
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going in, the rear end, where the concrete has set sufficiently 
permit their removal; they are supported rollers track 
which part the alligator, the alligator thus rolling out from 
under the upper stationary plates. Immediately behind the alligator 
are introduced lower stationary plates 2-ft. lengths, one plate 
being inserted often length ft. invert exposed. 
the withdrawal the alligator, upper stationary plate 
thus supported the plate ahead the alligator and plate 
behind lower plate, until the insertion its lower plate. Upper 
and lower plates are removed the rear end and sent ahead 
small truck hauled back and forth with rope, track the 
bottom the lower plates and alligator. 

The outside lagging was 24-in. lumber narrow pieces, 
about ft. long, laid the same slope the nose ‘the alligator 
between iron ribs hung from wooden superstructure. 


This superstructure also carried the runways for wheeling out the 
concrete. 


CoNSTRUCTION. 


The rings were bent the desired circumference small 
bending machine. The ends were not upset welded, but merely 
lapped about in. and tied with baling wire; they were also wired 
each crossing with each longitudinal rod, order hold them 
place while the concrete was being put in. 

The concrete was made with fine gravel, and mixed quite wet, 
order worked into the narrow space between the reinforce- 
ment and the forms completely and easily. was brought out 
wheel-barrows top the superstructure and dumped wherever 
desired along the working face, that is, from the bottom the pipe 
the nose the alligator, back the slope the top 
the pipe the third fourth upper stationary plate. One 


two small chutes were found desirable connection with the 
dumping. 


Two men each side, provided with small wooden paddles, 
churned the concrete make certain that all voids were filled, 
and prevent any nesting the gravel. These men also intro- 
duced the outside lagging, that operation and the moving ahead 
the alligator being regulated that the working face was from 


| 


(The inclines were built with wooden forms, concrete being run down chutes 
from above.) 
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in. below the forms. stopping work for the night, 
the continuous operation was interrupted for any reason, the 
blocking off was done right angles the axis the pipe. This 
was done stuffing sand bags between the inner and outer forms. 
This was more convenient than the use wooden stop, and af- 
forded rougher surface with which bond when work was re- 
sumed. 

The pipe was wet down the outside for about week after 
completion, and, far possible, the back-filling was kept 
the watering. 

Some smoothing and pointing was necessary inside the pipe, 
and one two brush coats neat Portland-cement grout were ap- 
plied; but plaster coat was put on, nor was any water-proofing 
material used. 


DIFFICULTIES. 


was difficult overcome the tendency the alligator twist 
and travel off line grade, and the steering apparatus was de- 
signed prevent this, not having been part the original 
form. did much toward correcting the eccentricities the 
travel the alligator, but, best, much depended upon constant 
watchfulness, and was found necessary stop work once 
days order level and straighten out. 

very doubtful uniform thickness could have been at- 
tained, even had attempt been made shift and adjust the 
outside forms and the reinforcement correspond with the move- 
ments the alligator. With this form, the minimum thickness 
will least in. less than the average thickness. 

Considerable trouble was caused the concrete peeling off with 
the upper stationary plates; particularly—in fact almost solely— 
with the middle segment the plate. patches, often 
inch more depth, would come off with the plate. 

overcome this, various schemes were tried; soft soap crude 
oil was applied the plates immediately before covering them 
with concrete; particular care was taken allow spatterings 
concrete accumulate the plate and dry out advance 
covering with the mass concrete; variations the quantities 
water the concrete were also tried. Experience seemed 
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show that the only satisfactory remedy was allow the concrete 
set more thoroughly before removing the plates; given suffi- 
cient time, perfect surface was obtained. special precautions 
were taken guard against transverse joints between the work 
different days, but, when end was left for more than one 
day before resuming work, extra longitudinal rods were inserted, 
extending about ft. into the work each side the joint. 


Transverse the first Pinto line, where there were 
few interruptions continuous work, and where portion 
was built comparatively cool weather, there were very few trans- 
verse joints worthy mention, and none requiring any treatment. 
the two Cottonwood lines, built the coldest weather, none has 
been observed. 

the second Pinto line, built entirely during the hottest 
weather, with about fifty interruptions continuous work, and first 
filled cold weather, was expected that the transverse 
joints would larger number and size. about forty them 
there was perceptible crack; the forty cracks about twenty-five 
were in. more width, and were repaired, some them 
before the pipe was first filled, and the remainder afterward. 
general, they were more frequent and pronounced one two 
sections where the watering the pipe was discontinued before 
the back-filling was done. 

Longitudinal Cracks.—When the pipes were put service, some 
longitudinal cracks, from in. width, developed (see 
leakage tests Table 2), and first various possible causes 
contributary causes were assigned them: 

First, they were ascribed the water hammer, which was con- 
siderable when the pipes were being filled. 

Second, was thought that the excavation the trench for 
the second line pipe (10 ft. from center center the first 
line) threw eccentric load the first pipe. This undoubtedly 
had effect the cracks the first Pinto pipe, and, soon 
was observed, the remainder the second pipe was moved ft. 


farther away. 
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Third, the cracks being invariably the top the pipe, and 
within few inches the center, was thought that possibly the 
laps the reinforcing rings had been put that and 
that the rods, some them, had parted from the concrete. 
Enough evidence was hand, however, show that the laps had 
been properly staggered. such had been the cause, longitudinal 
crack developing few hours 200 300 ft. long, would have 
resulted the total failure that portion the pipe. 

The true reason undoubtedly follows: The concrete shrank 
the process setting; this was resisted the steel rings, thus 
producing condition which the steel was compression and 
the concrete tension. Therefore, filling the pipe, the con- 
crete took the entire load until failed, and the steel took 
the load. 

That the cracks were invariably the top the pipe was 
probably due the fact that the lower third the pipe was 
sand kept wet the underflow; effect, this lower part set under 
water, and the shrinkage was relatively small. 

careful inspection the inside the pipe showed that, 
wherever the crack occurred, the single large crack was the only 
one; and, points where there was large crack, the upper two- 
thirds the inside surface showed network very minute cracks. 

These were from in. apart, and generally fine that 
they could have had but very insignificant effect the leakage, 
and, fact, they were only detected the presence minute 
line the finest sediment which was deposited the crack with- 
out passing through. 

The writer the opinion that the minute cracks existed 
previous the filling the pipe, consequently, that those places 
the steel carried the load immediately upon its application; how- 
ever, there way verify this. Repairs were made (on the 
inside the pipe) the following manner: each crack was cut 
out depth about in. and narrow possible, in. 
oakum was then caulked tightly, and over that the joint was 
pointed with stiff mortar. addition, grout was run into the 
crack from the outside. 

Several observations have been made for the purpose de- 
termining the value Kutter’s formula, and, while the en- 


4 
{ 
4 
g | 
a 
4 
4 
a 
q 
5 


134 REINFORCED PIPE 


tire series contemplated has not been made, the observations the 
Cottonwood pipes, thus far, show that approximately. 

considering the results the leakage tests, should 
borne mind that Salt River carries considerable sediment. Ob- 
servations Roosevelt have shown that the quantity varies from 
mere trace per cent. Practically, the water never 
without some sediment, but the maximum occurs only during the 
highest floods; the average would between one-fourth and one-half 
per cent. 

Between Roosevelt and the canal intake, considerable quantities 
the sediment, ordinary stages the river, settle the flat 
reaches, that the intake, while the maximum quantity sedi- 
ment not more than Roosevelt, the average undoubtedly 
greater. 

several points along the canal there are mud boxes from which 
more less sediment occasionally sluiced, but the canal carries 
larger percentage sediment than the river, except when the latter 
flood. 


The figures Table the cost two sections the sec- 


ond Pinto pipe, show the labor cost only, and not include engi- 
neering, first cost forms, cement, reinforcement, grading. 


TABLE 


May, 1906. July, 1906. 

Laying track for steering alligator ............... 71.48 $43.98 
Moving and erecting rep 299 .94 358 .44 
Mixing and placing concrete........ 709.68 | 949.7: 
Pointing up and brush-coating inside ..................+6 96.50 117.87 
Screening and hauling sand and gravel ........ paseresevne 188.13 300,00 

Barrels cement used 46614 627 
Labor cost per linear foot 


Labor cost per cubic yard concrete ............. 


’ 

‘ 
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gang consisted foreman $175 per month, sub-foreman 
$3.50 per day, and the following laborers $2.50 per day: one 
bending the reinforcement rings; two placing the reinforcement; 
four taking down, moving and erecting the stationary plates; four 
placing the concrete and outside lagging; two wheeling concrete; 
six mixing concrete; one wheeling sand and gravel; one watering 
the finished pipe; four laying track for the steering apparatus, 
moving the superstructure and hangers, mixing-boards, runways. 
one pointing and finishing inside the pipe; and one the whim 
and doing miscellaneous work. The labor was principally Mexican, 
and only fairly efficient. 


The leakage the pipes was measured observing the water 
level them, all water being shut off. The head mentioned the 
tables the elevation the water level above the the 
pipe. The periods are consecutive each case, that is, January 
25th the periods were during consecutive hours, and January 
26th, during consecutive hours, 

From February 26th March 15th the pipe was use large 
part the time. Various longitudinal cracks developed from time 
time and were repaired. The next opportunity measure leak- 
age was from March 15th 22d, after all the cracks had been re- 
paired, since which time more have appeared. 

During the construction the south line the Pinto pipe, one 
lot inferior cement, containing free lime, was received the 
work, and portion was used before being discovered. The 
result was slower setting concrete, and several places the upper 
stationary plates were removed too soon, allowing the concrete in- 
side the reinforcement settle and part from the outside. 

these places, the worst one was repaired before the test 
December 14th was made, but several minor ones, well most 
the transverse joints, were not repaired until after that test. 


] 
| 
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This pipe was built between June and November, 1905, and first 


filled with water 


January 25th, 1906. 


Duration 


test. Leakage, in | Gallons per Average 
Date. | gallons. hour. head. 
Hours. Minutes. 
0 0 1 225 5 
| 
1 
1 | 8S { 
1 00 | 1592 80.5 to 22.4 
1 00 11 
1 00 1 225 
(The pipe was full water from January February 17th.) 
Feb. 22, 1906....... 1 183 27.9 
(On February 26th longitudinal crack, ft. long, developed.) 

1 15 | 7 085 5 628 26.0 to 20.2 
at g 12 15 4 490 367 20.2 to 16.5 
1 wer, 86 16.5 

(This test shows the effect crack, and the effect small reduction head.) 
( 2 30 875 150 | 26.9 
} 7 00 350 50 | 26.6 
4 15 | 475 112 25.9 
5 00 420 bos | 25.6 
16 45 1575 24.7 
ll 80 | 715 62 } 20.4 
18 00 | 7 56 18.9 
13 30 | 730 OF 18.3 
; n 00 | 460 42 17.8 
10 30 875 36 17.4 
618 
Dec. 19, 1906........... 458 30.5 20.9 


(This test shows the effect 


run muddy water.) 


’ 
| 
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TABLE Pressure 
Line. 


Built March August, 1906, and first filled December 15th, 1906. 


Duration 
test. Leakage, in | Gallons per Average 
gallons. hour. head. 


Hours. Minutes. | 


| 


18 320 
3 664 
489 
366 
290 


1550 


oo 


wo 


2198 
2107 
1 8382 


ocouncuc- 


TABLE 


Built between December 25th, 1905, and January 26th, 1906, and 
first filled March 9th, 1906. 


Duration 

test. Leakage, Gallons per Average 
gallons. hour. head. 

Hours. Minutes. 


Mar. 10, 1906 
Mar, 27, 1906 
Sept. 22, 1906. 


49.0 


The south line was the first one constructed Cottonwood. Some time April the 
pipe failed blowing out hole about ft. its top. This was the point 
where the first roof plates were removed, and would indicate that they were removed 
too soon, allowing the concrete inside the reinforcement settle little and part from 
the and the outside concrete. The hole was cut out solid work, and 
patched. 


Date. 
| 00 | 
00 | 100 
00 | 2 198 | 
| 00 2107 
00 1 832 | 
| 00 1 649 1 649 4 
00 1 465 1 465 { 
q 

| 443 | 

38 100 15 200 
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TABLE 


Built January 8th 20th, and first filled March 9th, 1906. 


Duration 
test. eakage, allons 
Date. gallons. per hour. Average 
Hours. Minutes. 
0 40 167 251 } 
| 1 121 
i 9 30 8 540 7 080 69.0 
Mar. 00, 2008........0. 7 2 80 12 500 | 5 000 60.0 
Mar. 23, 0 30 1 048 | 2007 | 3 
Mar. 29, 1906............ 809 
May 24-26, 1996.......... 863 


Between March 10th and 27th various short longitudinal cracks developed and were 
repaired. The pipe was service intermittently. Since the end March the pipe has 
been almost constantly service. 


The very slow setting cement used this work rendered im- 
practicable work continuously account the excessive num- 
ber stationary plates which would have been required. 

With cement setting average time, the continuous process 
would certainly practicable and advisable; and machine similar 
the one described herein, designed accomplish similar re- 
sults, would probably the best solution the question forms. 

The necessity continuous work may said vary with the 
temperature which the pipe constructed; low temperatures 


would almost matter indifference; even high tempera- 
tures probable that continuous work would not absolutely 
necessary, because method making connections which would 
result nearly water-proof joint could probably devised. 


4 
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There are many engineering works, process construction, 
projected, for conveying water under pressure, where similar 
reinforced concrete pipe could used, and would be, were engineers 
satisfied its first cost, durability and reliability. 

The question may asked, what the maximum head for 
which this kind construction could used? The precedent for 
such construction, well the literature the subject, are both 
believed quite meager, though the writer has had little oppor- 
tunity for searching engineering literature. Attention might 
“Experiments Steel Concrete Pipes Working Scale.” 

The excessive amounts leakage reported that paper would 
seem have been due the use dry mixture, and the writer 
would take decided exception the conclusion (expressed page 
55), that “reliance for impermeability must placed the 
plastering rather than the material the pipe.” 
should placed upon wet mixture the material the pipe. 

There doubt that the first cost would less than for 
either cast-iron riveted-steel pipe, and would little any 
excess wood-stave pipe. 

regards durability, the question the relative durability 
the metal the various kinds pipe, disregarding for the 
moment the life the wood staves. 

The reinforced concrete pipe should far less likely 
destroyed electrolytic action than either cast-iron steel pipe. 
The reinforcement receives coating cement which stays with 
when the surrounding concrete cracked broken away, and 
the question becomes one the relative efficacy the cement 
coating one hand, and the asphalt coating the metal pipe 
the other, remembering that the cement coating absolutely pro- 
tected against abrasion, and also enclosed manner which 
renders inspection difficult and incomplete. 

may observed here that the metal the reinforced con- 
erete pipe possesses the same advantage over the metal the 
riveted-steel pipe which has been advanced favor the bands 
wood-stave pipe; e., form, being rod with diameter con- 
siderably greater than the thickness the riveted-steel pipe. 


Water Supply and Irrigation Paper No. 143 the United States Geological Survey, 
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other words, given certain quantity steel per linear foot 
pipe (enough carry the load), the most durable form would 
that with the least amount exposed surface. 

The problem inspection might solved cutting into the 
steel occasionally suspected points, such some crack 
leak. The reinforcement the concrete pipe should have much 
longer life than the bands the wood-stave pipe, though, the 
other hand, the latter can readily inspected and renewed. 

course, the relative permanence wood and concrete, 
there can question, even the claims the most 
ardent wood-stave advocates. 

The reliability, safety against sudden failure under high 
pressure, seems the writer simply matter correct de- 
sign (to determined, doubtless, experiment), and the charac- 
ter the inspection the materials and construction. not 
necessary state that the inspection should absolutely first- 
class. would seem that correct design the relative quantities 
concrete and steel should such that the concrete shrink- 
ing cannot compress the steel, but will crack; then, with nearly 
perfect adhesion the two, there should many cracks, but 
minute that they will readily silt up. 

Whether the concrete cracked few places many would 
depend upon the quality the concrete, the relative quantities 
and steel, and the degree perfection the adhesion. 
this there field for experiment, order determine the 
strength adhesion concrete and steel, the best form rein- 
forcing rod, and the amount shrinkage during the setting 
various mixtures concrete. 

will undoubtedly found that there minimum advis- 
able spacing for the reinforcing rings, account their tendency 
form plane cleavage and thus separate the concrete into 
inner and outer shell; also insure the complete filling the 
entire space with the concrete. For large quantity steel 
the section, the arrangement might the form two more 
rows rings staggered. 

This paper presented, not pretending solve the problem, 
but with the hope that the governing considerations have been 
stated correctly, and that the suggestions will some value. 
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conclusion, the writer wishes acknowledge valuable as- 
sistance derived, during the construction the pipe and the re- 
pair the cracks, from free discussion the various problems 
with Louis Hill, Am. Soc. E., Supervising Engineer; 
Teichman, Am. E., Designing Engineer, and Mr. 
Harris, Assistant Engineer; also the exceptionally conscientious 
work Mr. Cox, Foreman. 
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DISCUSSION. 


Am. Soo. (by make good con- 
crete pipe, and make low cost, three things are required: 
experience, care, and good apparatus for moulding the pipe. 
the mould used building the concrete pipes the Salt River Pro- 
ject: gave satisfactory results, the whole, but close observa- 
tion the apparatus the field, and the pipe made the ap- 
paratus, the writer (who designed the mould) arrived the follow- 
ing conclusions: 

pipe large enough diameter allow man the 
dismantling the inner mould, parts this mould should 
pulled along the inner face the pipe (as was the alligator). 
preference, the dismantled parts the rear should forwarded 
the front, and should erected rigidly there. The three reasons 
against sliding mould are: The continuous intermittent pulling 
ahead the inner mould parts thereof (the alligator) likely 
disturb the support the concrete while setting, thus establishing 
weakness the concrete, defective union between the reinforce- 
ment and the concrete. Parts the concrete while setting may ad- 
here the moving mould, thus making face that marred, de- 
fective appearance, and compactness and density concrete. 
The movement the mould not under easy control alignment, 
and impossible make, will, angles the alignment the 
pipe without interrupting the continuity the work. 

ribs for the lagging the outer mould should not 
suspended from framework, but should supported preferably 
sills resting the ground. The support sills gives greater rigidity 
the outer mould than the suspension from framework. 

3.—The wheeling planks should not supported the same 
structure which supports the mould, otherwise the jars occasioned 
the loaded wheel-barrows cars may felt the mould, and may 
injure the concrete work. 

inner and outer moulds should erected the same base 
laid the ground—thus assuring their concentricity. Con- 
centricity makes possible the reduction the thickness the pipe 
minimum, and pipe cheaper and better, the thinner its walls 
are, provided the reinforcement properly embedded con- 
crete the wall strong enough beam support the inner pres- 
sure between two adjoining reinforcement rings. 

5.—Inside the inner mould there should track, with car, 
carry the forward end the mould the plates dismantled the 
rear. This track should rest rollers, placed intervals near the 
bottom the inner mould. track, thus supported, can pushed 
ahead will always convenient position, for both the 
rear and front plate men. 
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Mr. Teichman. 


Support of Inner Mould << 


CROSS-SECTION 


Support of Inner Mould 


MOULD FOR CONCRETE PIPE 


Upper End of Ribs Lower End of Ribs 


Kia. 5. 


| 
= 
og 
2 
= THD {@} 
} | — iH 
| 
g 2 © } = 
5 
LEG 
a 
{ 
\\ 
\\ 
37; H 
= AN 
© 
= 
j 


Mr. Teichman. 


Mr. Worcester. 


144 DISCUSSION REINFORCED CONCRETE PIPE 


6.—Instead arranging the plates the inner mould in- 
dividual courses, square the axis the pipe, preferable ar- 
range them continuous spiral, such manner that their joints, 
which are square the spiral, will always staggered, e., strike 
the plates the adjoining spiral courses their middle. For pipe 
ordinary diameters, this will give stiffness the inner mould, even 
without the use stiffening angle iron, brace rods. The spiral 
plates for cylindrical pipe mould are easily made those for 
individual courses, but are more easily dismantled and erected than 
the latter. 

7.—The ribs the outer mould should arranged that the 
two halves one rib may spread more less the top well 
the bottom (with the sills), order permit some variation the 
thickness the concrete. The rib halves must removable before 
any lagging inside the ribs removed. 

the basis these principles, the writer has designed mould 
for ordinary pipes small diameter, illustrated Fig. The 
supports for the inner mould, course, are use only ahead the 
work, and, the concrete approaches them, they are with- 
drawn (by first spreading the two halves) and moved the front. 
While use, these supports are pinned the sills, just the ribs 
the outer mould are. This secures concentricity both moulds. 
Any slight change the direction the pipe made leaving open 
the spiral joints the inner mould one side and covering the gap 
with light iron tar-paper. such changes direction, special 
sills and lagging, cut special lengths, are required for the outer 
mould. 

The inner track will accommodate itself slight lateral changes 
connecting the different lengths track bolts slotted holes. 

The radial dimension the supports the inner mould 
enough that these supports are always inside the longitudinal rein- 
forcing rods, and the length the arch these supports such that 
the supports may withdrawn without interfering with these rein- 
rods, they are spaced the usual manner. 

Worcester, Am. Soc. (by letter).—The author’s ex- 
perience with these pressure pipes particularly interesting, the 
light sheds upon the question the amount longitudinal rein- 
necessary prevent transverse cracks long, straight 
structures. 

has been held some authorities that longitudinal steel the 
amount half the area the concrete necessary, and 
generally conceded that the proportion wholly efficient. 
underground pipes and tunnels, many have ventured use consider- 
ably less than this, but the determination the precise quantity has 
not yet been made, and, the mean time, all light shed the sub- 
ject very valuable. 
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seems that, the case the Pinto pipe, the proportion Worcester. 
longitudinal steel concrete the portion the section with 
cylindrical exterior was about 0.0014. That one the pipes this 
line there should have been transverse cracks 2400 ft., one 
each ft., would not seem surprising, considering the low per- 
centage steel; and would seem due unusual combina- 
tion favoring conditions that the other line showed few. 

the Cottonwood lines, where the ratio steel concrete was 
about 0.002, would interesting know how much the immunity 
from cracks was due the conditions under which the pipes were laid, 
and how much the greater percentage steel. 


Ernst Jonson, Assoc. Am. Soc. (by letter).—There mr. Jonson. 
one point Mr. Smith’s interesting and timely paper which stands 
out possible problem solved future attempts build con- 
crete pipes, namely, the fact that these pipes cracked both longitudi- 
nally and transversely. 

the water Salt River had not contained considerable 
ment, the cracking the pipes might have been serious matter. 
many cases might necessary design concrete pipes such 
way that they would not crack, partly account the excessive 
leakage due cracks, and partly account the uncertainty about 
the durability the reinforcement where intersected cracks. 

Longitudinal cracks are probably due two principal causes: 

1.—Shrinkage the concrete, due dryness while setting: This 
shrinkage causes tension the concrete, resisted 
initial compression the steel. This tension addition the 
stress produced the hydrostatic pressure, that the pipe will crack 
lower pressure than shrinkage had taken place. 

2.—A strain the reinforcement greater than that corresponding 
the ultimate tensile strength the concrete. 

the first kind might prevented keeping the con- 
thoroughly wet; those the second kind using very low 
unit stress the reinforcement. 

Pipes constructed the foregoing principle might have walls 
considerable thickness: First, because the concrete supplies the re- 
tensile strength more cheaply than steel, when only about one- 
tenth the safe tensile strength the latter can utilized; second, 
because the leakage through concrete decreases the thickness in- 
creases; and third, the concrete not crack, there objection 
considerable thickness. 

The quantity reinforcement this case may greatly reduced, 
leaving only enough prevent failure case the concrete should 
For this purpose the steel might strained 16000 
per sq. in., even higher. 


Pipes designed this basis, however, would not economical for 
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greater pressures than about per sq. in., which corresponds 
head about 150 ft. When the concrete becomes too thick, rela- 
tion the diameter the pipe, any additiofi the thickness adds 
very little the strength the pipe, because the stress decreases very 
rapidly toward the outside. 

Transverse cracks, the author states, appeared those parts the 
pipe which were built warm weather. They were evidently due, 
therefore, principally temperature contraction. Such cracks might 
avoided leaving open contraction joints filled with grout 
cool weather. 

With regard Table the writer would make the following sug- 

Instead giving the leakage for the entire pipe, probably 
would have been better give the average leakage per unit length, 
thus making possible immediate comparison between the various 
pipes. 

Instead giving the head the lowest point the pipe, would 
have been better give the average head for the entire filled portion 
the pipe. The leakage function this average head more di- 
rectly than the head the lowest point. 

would have been desirable know the hour, well the day, 
when the tests were made. 

would have been interesting, also, know the temperature 
the water during the tests, this affects the leakage account 
the variations viscosity. 

column, giving the leakage per unit length 
divided the average head, would also have been value, showing 
more clearly the variation the permeability the concrete. ‘The 
leakage may assumed proportional the head, except the 
large cracks. 


Am. Soc. E.—The author does not state 
the reason for constructing the pipe the particular manner which 
was built. Europe, for similar purposes, conduits similar 
capacity have been built sections. This form construction 
means new, for the “Bordenave” system was used the water 
supply Venice nearly twenty-five years ago. Recently, the scientific 
papers seem quite full descriptions the construction 
water systems with concrete pipes built according some the 
methods use France. 

Mr. Arthur Collins, City Engineer Norwich, England, who 
visited France investigate the “Bonna” system concrete pipe, 
for pressures 300 ft. head, which was about use some 
miles concrete main his city, reports that found pipes 
made under this process Maison Alfort, the Department the 
Seine, such pipes having length ft., internal diameter 


: . 
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ft. in., and thickness wall in. Paris, saw pipes Lesley 
this system carrying working pressures 150 ft. head, without 

oozing other noticeable defects. similar report was given 

work Nimes, where mile pipe had been laid eleven years ago 

and was entirely satisfactory. 

There high-pressure concrete water pipe this character 
Swansea, England.* The main ft. long and 19.7 in. diam- 
eter, operating under head 185 ft. The pipe consists inner 
and outer reinforcement separated sheet-steel tube and all 
embedded 1:2 mortar. The inner and outer reinforcements con- 
sist longitudinal bins cruciform section wound spiral 
bar the same section wired them every intersection. Only the 
outer reinforcement and the steel tube are considered calculating 
the strength the pipe, the inner reinforcement being considered 
simply supporting the mortar. 

the English Master Builders’ Journal, October 2d, 1907, 
comment also made the extent which pipe consisting 
cement with steel reinforcing rivals cast iron, the Continent. 
stated this case that more than 200 miles such pipe were laid 
Paris alone the “Bonna” system. This pipe can constructed 
ft. diameter, and rapidly becoming important rival 
cast iron. 

Venice the pipes were ft. diameter and were joined one 
another. They were made standing upright series iron rings 
which were surrounded the inside and outside sheet iron. 
Around the rings was wound spiral (or two three spirals, accord- 
ing the pressure sustained the pipe), and this “hoop- 
skirt” (as one might call it) circular rings spirals wound round 
then had concrete poured upon between the two thicknesses 
sheet iron. After the concrete had set, the sheet iron was removed. 
The pipe was then complete, and was laid the trench the ordi- 
nary way. This pipe was made under the “Bordenave” process, 
already stated. 

the United States, also, water pipe has been made what 
known the “Phipps” system. Two concentric cylindrical shells 
sheet iron are filled with layer cement, and another layer 
cement filled between removable core and the innermost sheet. 
These are made upright, the cement being poured between the two 
shells and also between the inner shell and the core. When the cement 
set the core removed, thus producing pipe having cement in- 
terior. These pipes have been made considerable sizes. 

The speaker cannot state the pressures the Venice pipe. 
the articles referred to, will noted that pressures 300 ft. 
have been carried. the case described the author there may 


Engineering-Contracting, September 18th, 1907. 
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have been some reason (not mentioned him) that made necessary 
build the pipe the way describes, but the various systems 
concrete pipe just referred are well known Europe, and have 
been used for many years under quite high pressures. 

Another point connection with Mr. Smith’s paper the cost 
the labor the work, but, course, this may well explained 
the distance from civilization and the difficulty securing good 
workmen. The question cement and the difficulties found with 
some may possibly explained, good deal the material 
seems have been made the Government cement works the 
Roosevelt Dam, and, according the paper, this does not seem have 
been quite satisfactory that first used, which came from the 
Denver Cement Company. view the fact that Los Angeles, 
Cal., also about erect cement works its own, for the pro- 
duction the material for the new water supply, hoped 
that the question municipal Government cement works has 
been thoroughly studied out that city, before undertaking this 
responsibility, not only justice the contractors who are use 
the cement, but those people whose homes may below the dams 
constructed with the untried material. 


nection with the construction works for the purification sewage 
Waterbury, Conn., the writer has designed and has now under ¢on- 
struction somewhat more than half mile reinforced concrete pres- 
sure mains. There are two pressure pipes: One force main, 
extending from the site the pumping station that the septic 
tanks, and has two diameters, and in.; the other main 
serve main influent supply pipe for the sprinkling filters, and 
varies diameter from in. 

The concrete section forming these pressure conduits varies grad- 
ually from the general section shown Fig. one end, that 
shown Fig. the other end the work. This particular aggre- 
gation conduits was determined most economical for the work 
hand owing the peculiar governing conditions. 

The plans and specifications did not contemplate the construction 
the pressure mains one continuous operation monolith, 
but rather provided for definite stops the work intervals 
ft. and made provision each these stops for such expansion and 
contraction might caused variations the temperature, and 
also the contraction developing during the setting and hardening 
the concrete. Each 40-ft. section has been given sufficient longitu- 
dinal steel ensure the monolithic action each individual section 
and the concentration all expansion and contraction the points 
provided receive such action. 


Mr. Lesley. 
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Mr. Taylor. 
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Mr. Taylor. reinforcement has been placed shown Figs. 
and and consists twisted rods high-carbon steel in. square. 
These rods have tensile strength 100000 Ib. per sq. in., and 
elastic limit one-half this amount. The rods have been received 
21-ft. lengths, bent cold each end through angle 90° 
have projecting leg in. long, lapped in., and wired together. 


-Class Concrete 


Class 
Concrete 


1:2:4 


Main Influent 


\ (Tested under 10 lbs.per 
| sq. in. Hydrostatic 


Pressure) 


o 
A 
Main Carrier 


46 


4 


Main 


Class 
Concrete 


Fia. 7. 


The transverse reinforcement consists square, twisted rods 
the same quality the longitudinal The spacing these 
rods such permit their receiving the maximum bursting stress 
with accompanying total elongation about 0.03 per cent. Thus 
the maximum working stress low the transverse steel and was 
designed this way for the purpose preventing the formation 
longitudinal cracks account excessive elongation the concrete. 

The transverse rods have been bent through angle 90° 
each end, form mechanical bond, and then bent form the de- 
sired circle, around series iron pins driven into wooden plat- 
form shown Fig. Plate Previous the placing the 
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TRANS. AM. SOC. CIV. 
VOL. LX, No. 
TAYLOR 
REINFORCED CONCRETE PIPE, 


Fie. 1.—BENDING TRANSVERSE Rops. 


Fic. 2,—BurLt-up CaGE oF STEEL REINFORCEMENT FOR 42-IN. EFFLUENT MAIN. 
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steel for concreting, was assembled, upon the bank, the form Mr. Taylor. 
cage, ft. long and the required diameter, men doing this 
work alone. 

The forms for the pressure mains are steel, semi-circular sec- 
tions ft. long. Such forms are fastened together 40-ft. lengths 
and used units, being pulled ahead after the concrete the previous 
section has become sufficiently set. 

the end each 40-ft. section mortise and tenon bonding joint 
the ordinary type has been provided, and addition this sheet- 
lead water cut-off plate has been inserted. The cut-off plates are 
in. wide, in. thick and weigh lb. per sq. ft. They have been bent 
into the shape shown Fig. the rear half the flange being em- 
bedded the concrete and the forward end allowed project through 
the bulkhead form enclosed the succeeding section conduit. 


Exterior suriace of Pressure Main. ~~ Expansion joint 
3 


Sheet Lead “fy 
Yj thick, 2 Abe 


SSS QA SS part 


Laterior surface of Pressure Main 


DETAIL EXPANSION JOINT PRESSURE MAINS. 


SCALE OF INCHES 


Subsequent contractions are thus concentrated the expansion 
joints, and the lead water cut-off plates have readily adjusted them- 
selves the slight movements taking place there. 

The concrete has been mixed the proportion part Atlas 
cement parts graded aggregate, the particles which have 
ranged from in. longest diameter and such manner 
produce mixture maximum density. The concrete has been 
mixed machine very soft consistency, and has all cases been 
placed rapidly that the time required complete given 40-ft. 
section has not exceeded hours. Upon the removal the forms, 
the pressure pipes have been covered with burlap, and kept 
wet frequent sprinklings. 
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inlets into the pressure mains, which have been constructed 
frequent intervals, provision has been made for the lateral extension 
water-tight distributing pipes leaving bonding joint and 
lead expansion plate. Anchor bolts have also been built into the end 
the inlet stubs and into temporary endings the pressure mains 
secure bulkheads and facilitate the testing the water-tightness 
the conduit work 500-ft. sections. 

view the steel form, reinforcing metal, lead cut-off plate and 
pressure main bonding joint shown Fig. Plate XI, and detail 
lateral connection, in. diameter, shown Fig. Plate XI. 


Road Surface 
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Manholes the pressure mains have been constructed 
method similar that used the construction the conduits. The 
method which manhole capped with convenient, accessible and 
water-tight cover shown Fig. 

The pressure conduits were designed for and have been tested 
under internal water pressure per sq. in., and under this 
pressure the present method construction has been highly satisfac- 
tory. longitudinal cracks have appeared, and transverse cracks 
have developed only points where expansion joints have been pro- 
vided. The water-tightness these joints and the suitability the 
lead water cut-off plates have been proven highly satisfactory. 
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Assoc. Am. Soc. E.—The pipe experi- mr. 


ments the Board Water Supply have not reached such stage 
justify final conclusions, but the speaker will describe briefly what has 
been done, that those interested may perhaps have chance see 
part the work progress. 

There are several siphons along the proposed Catskill Aqueduct 
which the head 125 ft. less, and for these was apparently 
economical adopt reinforced concrete structures, provided thcy 
could made tight and safe. order determine this, some experi- 
ments 5-ft. pipes were undertaken. The design the experimental 
pipes was founded considerable extent the work 
Quinton,* Am. E., mentioned Mr. Smith’s paper. 
Plastering, however, was not accepted desirable accomplish water- 
tightness. Ten experimental sections were made, each two parts, 
that joints, also, could tested. Each part was ft. long, and gen- 
erally different proportions from its mate, that each the ten 
test sections furnished test two kinds pipe and one kind 
The pipes were built upon cradle-shaped supports such 
way that the whole could observed, and leakage from each part and 
from the joint isolated. The proportions the concrete were vari- 
ous, were also the kinds aggregate and the kinds joints. Fur- 
thermore, two thicknesses were used, namely, and in., thought 
ke, respectively, the minimum practicable and the maximum which 
would considered. short, the attempt was made get all the 
combinations possible the pipes, while, the same time, there were 
duplicates the more important proportions order control the 
results. 

Many the pipes, first turned out the forms, were very im- 
perfect. This seems inevitable such work until the construction 
crew has had several months’ experience. When the work was being 
planned, seemed desirable make the proportioning the concrete 
perfect possible for maximum density. the work progressed, 
however, was realized that was not much the perfect propor- 
tioning the concrete that was question the perfect filling 
the forms, and excess sand, though proven recently published 
experiments detract from strength and density test bars, seems 
sine qua non the thin, heavily-reinforced pipes. concrete 
rich 1:6, which does not contain voids, will not leak under head 
100 ft., but very difficult avoid having porous spots, notably 
where the longitudinal steel holds the coarse aggregate the sides 
the pipe. concrete pipe impervious where the concrete 
present; but its absence that causes the trouble. 

Comparatively simple repairs these pipes reduced the leakage 
small fraction the initial quantity. was found that, 
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pregnating the porous places with grout from small hand-syringe 
pump, using grouting pad which fitted tightly against the concrete, 
tremendous reduction the leakage was effected, that the results 
some the pipes in. thick, made with 1:2:4 compared 
favorably with cast-iron pipes usually found. 

All the types joint were unsatisfactory. They were designed 
the principle that inevitably there would frequent transverse cracks 
lines such pipe, and was desirable make some sort joint 
which would permit, without leaking, opening due contraction. 
With this end view, there were made various bell-and-spigot joints, 
concreting the spigot part the pipe first and the bell afterward, with 
the idea that any shrinkage would tend make the contact better. 
allow movement, three layers water-proofing fabric, with asphalt 
inside, outside, and between them, were some cases placed around 
the spigot before concreting the bell. another case, only cold- 
water paint was used separator, and still others were put com- 
plete rings copper lead made the form such way 
that expansion could take place without breaking them. one pipe 
caulked lead joint was used between two steel bands anchored carefully 
back the longitudinal rods. The metal stops were successful, 
far they were successfully embedded. Some leakage took place 
around them, due mechanical imperfections. The speaker’s con- 
clusion with regard joints that would probably just well 
the best work possible with plain concrete joint, per- 
haps with some offset it, and then repair the contraction cracks 
caulking cold weather. There room for discussion the 
desirability attempting reinforce across joints changeable 
climates. 

With the results the above-described experiments hand and 
what was learned from the work described Mr. Smith’s paper, 
which the engineers the Board Water Supply had access, plans 
were prepared for larger experiment, which now being conducted 
Hunter’s Brook, near Peekskill, this brook, the 
Catskill Aqueduct requires siphon about mile long which has 
maximum head about 125 ft. Two 11-ft. pipes are required take 
the whole flow. part one these lines now being constructed. 
pipe in. thick the top, sides, and bottom, and thicker the 
haunches, which are sloped outward enable the earth loads 
carried safely. The pipe built 4-in. concrete floor, laid the 
form wide trough, with sides sloping steeply can screeded 
conveniently. The idea this floor prevent, far possible, 
dirt, gravel, etc., from being washed down under the form and 
enable any foreign matter that has accumulated flushed out 
not reduce the thickness and purity the bottom concrete. the 
speaker’s previous experience, the difficulty cleaning out under the 
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form has been very common source trouble with such pipe, where Mr. wiggio. 
there was question tightness, but merely question getting 
good job. 

The reinforcement computed for tension 9000 per sq. 
in. Two kinds pipes are being built; one with single row rein- 
rings and the other with double row rings. The rings 
the single row are in. square, and are about in. apart. The rings 
the double row are each in. square, and are also spaced in. apart 
each row. The rings the double row are set opposite each other, 
with the idea obtaining better chance joggle the concrete than 
would exist the rings were staggered. The mixture concrete 
little richer than the Pinto and Cottonwood pipes. The 
idea was have excess 1:2 mortar, the stone being considered 
merely displacing material. 

Four sections this pipe have been cast, each ft. long, and there 
will from three five more. look casually the form and steel 
ready for concreting pipe, one would think that would pretty 
difficult job get the concrete perfectly; but when one considers 
closely the surface the concrete any stage the building the 
pipe one can see that there really plenty room. The pipes are 
going good ones, practically considered, and will furnish re- 
liable test. 

The main difference between the problem for the Catskill Aqueduct 
and that set forth this paper the kind water. the tensile 
strength the concrete designedly passed, even passed 
because shrinkage and consequent compression the steel, 
there will longitudinal cracks the pipes, even invisible. 
there silt the water, will fill these cracks. there 
silt, question whether pipe this sort can made very tight 
permanent without keeping the stresses very low and repairing 
imperfections carefully. The baneful effects the shrinkage the 
concrete, referred above and explained the paper, are evident, 
thereby the pressure which the cracks begin lowered, and the 
aggregate width the cracks given pressure greater than 
would the case without shrinkage. The value keeping such pipes 

damp during setting, reduce this shrinkage, therefore evident, 

some apparatus could designed whereby the pipe would 
expanded after built and grout forced into the cracks simul- 
taneously, success would assured. 

The engineers the Reclamation Service advise that the pipes 
made thin, order that the cracks shall well distributed; other 
words, that the steel, rather than the concrete, shall the pre- 
dominant factor. The experiments the Board Water Supply 
showed that pipes in. thick gave better results than those in: thick. 

Curves showing the variation leakage with pressure the 5-ft. 
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pipes the Board Water Supply indicate that the concrete did not 
crack until tensile stress was reached varying different cases from 
160 340 per sq. in. (computed the thick, hollow-cylinder 
theory). rough computation the stress the concrete the 
Cottonwood siphon its greatest depth indicates that the tension was 
about 140 Ib. per sq. in., that, eliminating shrinkage, would not 
expected that longitudinal cracks would necessary much 
this siphon any part the Pinto siphon. 

Further statements regard the tests the Board Water 
Supply would better postponed until complete presentation the 
experiments can made, both the 5-ft. and the 11-ft. pipes. 
The speaker has doubt that due time the Society will in- 
formed completely whatever learned. 

The engineers the Reclamation Service deserve great credit for 
the way the pipe was built and its cheapness under rather adverse con- 
ditions. illustrates what can done ingenious engineers who 
are also practical. The alligator form obviates one the principal 
difficulties with forms obtaining perfectly filled pipe, 
namely, the difficulty filling the invert. With the ordinary form, 
which the inside form wholly erected before concreting, thus 
making liquid concrete necessary, voids commonly occur the invert, 
unless the foreman careful and observing, and has had long training 
the same kind work. the other hand, the concrete the in- 
vert visible ahead the alligator, and, fact, all the concrete 
directly sight when placed. The speed attained, with cement 
the right speed setting for that particular work, phenomenal, and 
should possible, generally, obtain reliable cement suitable for 
rapid progress. 

The author has introduced one word which the speaker thinks 
worthy adoption for specifications engineers generally. That 
the word, “churning.” still sees and uses the word, “ramming,” 
specifications, though misnomer with concrete mixed wet, 
usual nowadays. 

The wetting the concrete during setting prime importance, 
indicated the author. The pipes should kept wet order that 
the shrinkage may reduced minimum. 

was evident that the cold-weather concrete was much freer from 
transverse cracks than the warm-weather concrete, and that the longi- 
tudinal reinforcement did not prevent such cracks. This seems 
inevitable, and points the desirability laying such pipe reason- 
ably cold weather, where possible. 

The author takes exception Mr. Quinton’s statement regard 
reliance internal plastering. still washes the interior his 
pipes with cement. The latter practice, also, the speaker’s opinion, 
questionable, because has often seen such wash peel spots, 
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snd fears that may lead fancied security which will not per- Mr. Wiggin. 
manent. Experience will show whether the coating cement likely 

come off under conditions continual wetness does the 
atmosphere. 

conclusion, can said that experience with the pipes de- 
scribed the author proves that, with low heads and silt-bearing 
water, reinforced concrete pipes are entirely practicable and are 
type structure. For high heads, and for water which 
not silt-bearing, the question still remains open. Even reinforced 
concrete can made tight for high heads, its economy questionable. 
designed for tension 10000 per sq. in., reinforced pipes re- 
quire more steel than sheet-steel pipes which are not too thick for the 
tension, and costs fully much put the steel into the reinforced 
pipe into steel pipe. the concrete necessary addition, the 
economy for high heads doubtful, even taking into account the 
larger renewal factor for steel pipes. For low heads, the quantity 
steel the reinforced concrete pipe can still only needed for 
the tension, whereas the quantity the steel pipes cannot small 
practical limits. Taking the case point, pipe ft. 
diameter: steel pipe in. thick good for head about 
160 ft., allowing in. for rust, seven-tenths for joint efficiency, and 
tension 16000 per sq. in. the net metal. Plate in. thick 
thinner than would commonly used, and the head about twice 
great the head upon any part the pipes described the author. 
Hence, the economy reinforced concrete pipe this particular 
case seems evident, whereas, with heads high enough that steel 
practical thickness would worked its capacity, the 
would begin disappear. 

reference the prospect the reinforcement being “corroded” 
where longitudinal crack opens up, the experiments the Board 
Water Supply show that there some iron coming from these leaks, 
sufficient, fact, cause apprehension. The leakage must stopped 
order make the reinforcement safe. Experience alone will tell 
what the life such pipes will be. 

Wason Assoc. Am. Soc. (by letter).— Mr. Smith. 
Regarding the reasons advanced Mr. Teichman against using 
sliding mould, the writer agrees with him that the concrete likely 
disturbed. With the form used building these pipes, the mov- 
ing lower part disturbed the upper stationary plates more less, that 
is, small obstructions (such pebble spatter concrete) 
the rail jarred the upper plates. Also (which Mr. Teichman probably 
intended mention), was difficult make accurate adjustment 
the support between lower stationary plate and its corresponding 
upper plate, that, after the alligator had rolled from under it, 
would remain exactly the same position had formerly occupied. 
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The moving part, times, may mar the appearance con- 
erete surface which contact with it, may have some slight 
inequality which may catch pebble the concrete and roll 
until the form rolls off. The writer cannot agree with Mr. Teichman 
that has any tendency affect injuriously the compactness and 
density the concrete. The moving form acts the concrete 
does trowel upon mortar, fact, renders that portion the con- 
crete actually more dense than when deposited against stationary 
plates. 

Regarding the immunity the Cottonwood lines from transverse 
cracks, should probably attributed almost entirely the favor- 
able temperature which they were built, namely, degrees. 

Several points are suggested Mr. Jonson’s discussion: First, 
for pipe intended carry water which free from sediment, 
might worth considering whether not sediment could intro- 
duced when the pipe first filled; that is, fill the pipe with water 
made quite muddy, and let stand for time, possibly agitating the 
mud. 

should not difficult eliminate the longitudinal cracks; the 
transverse ones, occurring joints between work different days, 
need not intersect the circumferential reinforcement, and not 
vital importance they expose the longitudinal reinforcement, except 
the case questionable foundation and the consequent possi- 
bility that the pipe might have support itself places beam. 

Mr. Jonson suggests various refinements and additions which might 
have been applied the leakage tests; but, seems the writer, 
these would have been valueless without lot other refinements not 
warranted under the and rendered impracticable 
the conditions. 

Regarding the leakage per unit length, and the average head: 
sufficient information given the paper enable one obtain 
those figures. 

Mr. Lesley suggests that reason should have been given for 
building the pipe place, rather than sections afterward 
placed the trench and connected. sufficient reason was that the 
cost was much less. Suppose pipe the same size, with shell 
in. thick: such pipe, with reinforcement, would weigh about 700 
Ib. per lin. ft. Assume practicable length ft., tons: 
would expensive transport from the yard and put the 
trench. joint would have made for each ft., that is, there 
would eight times many joints there were building place 
lin. ft. per day. These joints might made tight, but would 
expensive, especially the longitudinal reinforcement was joined, 
which probably should done. would require considerable attention 
bed such sections properly, and they would need careful tamping 
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under them after being laid, insure that none settled under the load Mr. 
and possible accompanying leaks. might require concrete bed 
support them properly. 

Homer Reid, Assoc. Am. E.,* gives the cost 
unlined pipe, Paris, about $12 per lin. ft., but does not give the 
items. cost that much Paris, probably with trained workmen, 
the reader may imagine what would probably cost Arizona, with 
the inefficient and high-priced labor which must employed there. 

Allowing saving one-half the cement used, the cost would 
have been two three times great actually was. 

Mr. Wiggin gives interesting preliminary report the investi- 
gations the New York Board Water Supply. The results 
these experiments should very valuable, and the profession will wel- 
come the detailed account which Mr. Wiggin promises will pre- 
sented the proper time. 

the reinforced concrete type construction proves 
the resulting increase flexibility alignment conduit may 
utilized dodging artificial obstacles well overcoming natural 
ones; and this should open many possibilities laying out lines 
through expensive rights way. 


TABLE 3.—Some Later OBSERVATIONS THE QUANTITY 


LEAKAGE. 
Time, Gallons Average head, 
Pipe Line. Date. per hour. feet. 

Pinto Pipe, North Line. March 29-30, 1907. 30.5 29.3 
1 79 792 80.5 to 29.9 
1 700 700 29.9 to 29.4 
F 1 609 609 29.4 to 28.9 
Pinto Pipe, Scuth 6-27, 085 469 28.9 23.9 
| 1 517 517 23.9 to 28.5 
2 1126 563 23.5 to 22.7 
l 8 1 461 187 22.7 to 21.7 

Both Cottonwood Lines.| April 1-2, 1907.... 24 0 0 74.0 


Concrete and Reinforced Concrete Construction.” page 646. 
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REINFORCED CONCRETE TOWERS.* 


Electrical energy now being delivered transmission lines 
cities many miles distant from its source. The wires carrying 
the current are supported towers which must conform 
requirements navigation when rivers and canals are crossed, 
that is: 

“There must ample overhead clearance from the water the 
nearest point the transmission wires, that vessels with high 
masts can pass under the wires.” (Fig. 1.) 

This paper describes the reinforced concrete towers, built for 
The Lincoln Light and Power Company, each side the old 
Welland Canal, the Province Ontario, transmit current 
from the transformer building St. Catharines, Ontario, 

These towers are 150 ft. high, 142 ft. being above ground. They 
ere in. square the top and in. square the bottom, with 
chamfered corners, and are provided with foot steps and rungs. 
Each tower carries sixteen No. bare copper wires glass insu- 
lators. The cross-arms are and are ft. long, and 
them there working platform about ft. long and 
wide. The span over the canal ft., but adjacent this 


*Presented at the meeting of October 2d, 1907. 
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there span about 300 ft. one the towers the 
wires run vertically, being fastened two frames, and ft., 
respectively, from the top. the top this tower there heavy 
pull parallel the line, which this point makes right-angled 
turn. 

The. collapse tower transmission line, caused 
storm, would very serious matter, and would likely cause 
lawsuits, the loss light and power customers, and, perhaps, loss 
life, account the dangerous currents. 


Low dip of wires —— | 


150 Clear 


Fia, 1. 


These towers have been designed withstand wind pressures 
per sq. ft. flat surfaces, and lb. per sq. ft. cylin- 
drical surfaces. liberal assumption was made calculating the 
exposed surface the wire its diameter plus coating ice 
in. thick multiplied the span. the greatest wind pressures 
that part the country have never exceeded average 
Ib. per sq. ft. large areas, reasonable believe that these 
towers are absolutely safe. 

The following conditions were observed designing the towers: 


Case without wires, and not guyed; with- 

Case tower; withstand full wind pressure plus 
pulls transverse the line, due the wires; 
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Case case the breakage all the line wires— 
for 300 ft. span—the total pull taken the 
guyed tower plus full wind pressure the tower. 


The calculations are based the following assumptions: 

section plane before bending remains plane after 
bending; that is, the stress any fiber proportional its distance 
from the neutral axis (Fig. 2). 


2. 


Second.—The applied forces are perpendicular the plane 
neutral axis. 
Third.—The tensile strength the concrete neglected. 
Fourth.—There are initial strains. 
Modulus elasticity steel 
Ratio cross-section steel tension 
cross-section beam above this steel... 0.01129 
Ratio cross-section steel compression 
cross-section beam above the steel 


Compressive stress the ex- 

treme fiber concrete..... 600 lb. per in, 

Ratio depth steel compression depth 

Depth steel tension................... in. 


The distance from the compressive surface the neutral axis, when 
the maximum allowable bending moment applied, is: 


R Ss 
é 
U 
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The moment resistance is: 
Taking moments about the center compression concrete, 


Taking moments about the center compression stress the steel, 


323 700 ft-lb. 


The compressive stress the extreme fiber the concrete, due bending, is: 

The compressive stress the steel, due berding, is: 


284 000 


529 per sq. in. 


578 lb. per sq. in. 
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The direct compressive stress the concrete, caused the 
dead load the tower above the point maximum stress, due 
bending, is: 

300 
(19.6 15) (31? 19.6) 
19.6 sq. in. area four rods; 
300 dead load. 


The direct compressive stress the steel, caused the dead load 


per sq. in.; 


the tower above the point maximum stress, due bending, is: 
300 

31? 19.6 


769 per sq. in. 


The combined compressive stress the extreme fiber the 
concrete is: 
529 Ib. per sq. in. 
The combined compressive stress the steel is: 
578 769 347 per sq. in. 


Case II.— 
Thickness ice coating........ 0.75 


Weight wire per foot........ 0.27 Ib. 
Weight ice load per foot............... 


The resultant force, normal the line, is: 
0.594? 1.3? 1.43 Ib. per ft. wire; 
and the total resultant force is: 


ft. span 


Vertical force tower, due resultant 


Weight cross-arms and platform........ 600 
Dead load tower above the point maxi- 
mum fiber stress due bending...... 63300 
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Area four steel rods 19.6 sq. in. 
The fiber stress the concrete, due direct compression, is: 
900 
(19.6 15) (31? 19.6) 
the fiber stress due bending, caused wind 


pressure, the towers are considered held the top with steel guys 
and fixed the base (Fig. 3). 


lb. per sq. in. 


Wind Pressure 


Fia. 3. 


The wind pressure is: 


247 sq. ft. lb. 410 Ib. 
and the maximum moment due wind 118 200 ft-lb. 
The fiber stress due direct com- 


The fiber stress compression due 
bending 


Total compression the concrete. 278 lb. per sq. in. 
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Case 
The area one wire 0.07 sq. in., and, case all the line 
wires break, the pull is: 
The vertical force the tower is........ 50000 


The weight the cross-arms and plat- 


The dead load the tower, above the 
point maximum fiber stress, due 


The fiber stress the concrete due direct compression is: 
113 900 
(19.6 15) (31? 19.6) 
The maximum moment due wind the same for Case 
118 200 
The fiber stress due bending is... 222 lb. per in. 
The fiber stress the concrete due 
direct compression is....... 


per sq. in. 


“ “ “ 


The total compression the con- 


The unsupported length tower fifty-two times the maxi- 
mum width and seventy-seven times the average width. would 
interest know what “verified formula” would give the per- 
missible strains per square inch for long reinforced concrete com- 
pression members. 

square cross-section, with four corner rods (R, and U), 
was chosen for the towers, such arrangement was more econom- 
ical steel than any other, each rod doing double duty. For in- 
stance, the tower were strained about one axis, the rods, and 
being tension, strained about another axis right angles the 
first, the rods, and being tension, the rod, would doing 
duty. 
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The tower the right-angled turn the line stood remark- 
able test while changing the guys. August 2d, 1906, with- 
stood the pull (tension wires) parallel the line without any 
guy resist this pull. The maximum deflection the top was 
about ft. Not having the necessary apparatus this time, the 
pull could not ascertained. There were visible cracks, nor 
was there any movement the base. another transmission 
line, however, 59-ft. tower showed movement the base, because 
the latter was not large enough. 

The base each tower was constructed with opening one 
side that the foot the tower could not slide horizontally during 
erection. The finished base cube concrete ft. each 
side, and having ft. the tower within it. 

The moulds for the towers were inclined from the base upward, 
shown Plate XII, because the saving erection more than 
offset the extra cost excavating. While setting the bottom 
sections blocking, great care was taken avoid unequal settle- 
ment. The side sections were set plumb, and braced properly 
withstand the lateral pressures. The moulds were wet (except 
freezing weather) before placing the concrete. Cores were set 
wooden templets near the top for the holes required for bolting the 
cross-arms. in. diameter, were bored the top side 
sections that the bent ends the foot steps would pass through 
when the moulds were removed. 

The concrete for the towers was composed part Portland 
cement and parts the very gravel, with sand, which 36% 
was “fine,” having passed through sieve 0.2-in. mesh, and 64% 
was “coarse,” being that which was retained the sieve. The 
gravel, sand, and cement were first thrown together and turned over 
twice; water was supplied pails, and the mixture was turned 
sufficient number times produce loose concrete uniform 
color and consistency. Great care was taken mixing the concrete 
and also placing the steel and concrete. 

intervals in., foot steps were embedded the upper 
part, and ladder rungs the lower part, each tower. 

Two wooden shear legs, Fig. Plate with necessary 
steel back and side guys and steel hoisting tackle, were used 
erecting the towers. Careful study was made during erection 
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the proper positions the hitches, order avoid any ex- 
cessive deflections which might caused concentrated pulls 
during erection. 

The last tower was moulded April 17th, 1906, and the sides 
the mould were removed two days later. Its erection was com- 
menced May 25th, 1906, days after moulding; smaller 
towers, however, have been erected successfully days after mould- 
ing. 

believed that these towers are the highest monoliths 
existence the present time, and may interesting state 
that during their erection men were injured any way. 
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DISCUSSION. 


states that “the greatest wind pressures that part the country 
have never exceeded average per sq. ft. large areas.” 
While the writer very ready admit the probability this state- 
ment, would inquire whether the author has any data recorded 
velocities the locality mentioned, the wind pressure used would 
correspond approximately velocity 102 miles per hour. 

not perhaps part the immediate subject the paper, 
but would interest know the working stresses and factors 
safety allowed the span wires, insulators and other connections. 

The author’s assumption that all wires may break once, their 
ultimate tension, seems the writer entirely unwarranted. 
Such accident could only occur from: 

object striking the wires: This very unlikely 
the altitude given, and practically impossible account the 
different planes which the wires lie. 

Second.—By the wires breaking under ice and wind loads: the 
factor for the wires low enough, this possible, though 
the breaking one wire would all likelihood jar the ice from the 
adjacent wires. 

seems probable that, theoretically least, the factor safety 
assumed for the tower greater than that the individual connec- 
tions the wires the glass insulators. this case the insulators 
cross-arms would torn off before the tower received the full 
load assumed Case 


states that: 


“Tt seems probable that, theoretically least, the factor safety 
assumed for the tower greater than that the individual connec- 
tions the wires the glass insulators.” 

This true, and the writer does not know any good reason for 
doing otherwise. 

Case III makes very liberal assumption, and, although may 
seem unwarranted, certainly exhausts all possibilities; and, this 
liberal assumption does not increase the cost the towers, the owner 
might just well have it. 

reference the inquiry relating wind may 
stated that the maximum recorded wind velocity for the locality 
mentioned, according the United States Weather Bureau,* 
miles per hour. 


the Great Garriott; repared under the direction Willis 
L. Moore, Chief, U. 8S. Weather Bureau. 


Mr. Coombs. 


Mr. Krellwitz 
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WATER PURIFICATION ST. LOUIS, MO.* 


AND Epwarp WALL. 


Previous 1904, St. Louis was famous for the muddy water sup- 
plied its inhabitants and visitors. The inhabitants, never having 
known anything else, had ceased pay attention the appearance 
the water, accepting matter course, just they endured 
the wind and the weather, and were inclined amused “the 
stranger within their gates,” who protested against drinking and bath- 
ing the coffee-colored fluid. Visitors St. Louis the summer 
and autumn 1904, who had previously been the city, were amazed 
find clear, sparkling water general use even for sprinkling and 
street washing. The history events leading this sudden and 
remarkable change the water supply St. Louis, and description 
the purification process finally developed and used, cannot fail 
interest engineers, especially those engaged water- 
works and the investigation water supplies. 

May, 1903, Mr. Ben Adkins was made Water Commissioner 
St. Louis, and the writer was appointed him Principal As- 
sistant Engineer, the position Assistant Water Commissioner being 
created later. 


*Presented at the meeting of November 6th, 1907. 
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The most important question confronting the Department that 
time was devise some method improving the appearance the 
water, which should such design that could put into opera- 
tion previous the opening the World’s Fair, that is, less than 
one year. 

brief description the water-works will necessary order 
that the conditions existing that time, and the changes that were 
afterward made, may understood. The water supply St. Louis 
taken from the Mississippi River the Chain Rocks, about ten 
miles above the Eads Bridge, which spans the river approximately 
the center the city. The intake tower stands near the middle the 
river, resting bed-rock and built over 7-ft. shaft leading down 
tunnel some ft. below the river bed. This tunnel also ft. 
diameter and terminates the river bank the base the uptake 
shaft, which connects the river and the shore tunnels. The shore tun- 
nel, also ft. diameter, about ft. nearer the surface than the 
river tunnel, and ends the wet well from which the low-service 
pumps take their supply. (Plate XIV.) 

The low-service pumps deliver the water well the head 
11-ft. horseshoe-shaped conduit, which runs along the ends 
series six settling basins, each 400 670 ft., with connections and 
gates for filling each basin separately. the opposite ends these 
basins another 11-ft. conduit with connections each basin for 
drawing off the water. This drawing conduit carries the water the 
high-service stations several miles below. (Fig. 1.) 

Previous 1903, the operation the settling basins consisted 
separate filling and drawing each basin, allowing long time 
possible for settlement before drawing off the water for delivery 
the high-service pumps. This time usually varied from hours, 
-during which the heaviest and coarsest portion the suspended mat- 
ter fell the bottom, but much finely-divided matter remained 


that the casual observer could scarcely notice any differ- 


ence between the river water and that delivered the consumer. 
The river water carries suspension amounts varying from 
6000 parts per million, according the stage the river, the solids 
solution varying from 140 400 parts per million, the bacteria 
ranging from per cu. cm. 
The method simple sedimentation reduced the suspended solids 
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from 80%, the number bacteria being reduced probably the 

same ratio, but was eminently unsatisfactory because the low per- 
centage improvement and the scarcely perceptible change the 
appearance the water. 

The problem dévising better system clarifying and purify- 
ing the water supply St. Louis had been studied and discussed 
the best hydraulic engineers the country. Filtration plants home 
and abroad had been examined and studied, and various projects had 
been offered solutions the problem. For years the question had 
prominent place all propositions connected with the im- 
provement and extension the water-works. All proposed schemes 
for clarifying and purifying the water supply, which were worthy 
serious consideration, involved the expenditure millions, and neces- 
sitated the building works which would take years complete. 

Many years ago was proposed abandon the Mississippi River 
source supply and some miles away the Meramec 
Springs. Another proposition was move the intake the Missouri 
River above St. Charles, Mo. These schemes contemplated furnishing 
the water the city gravity flow, the Meramec project involving 
the construction immense impounding reservoir with miles 
masonry conduit, steel pipe and tunnels, while the Missouri River plan 
required the building new low-service pumping station deliver 
water set new basins constructed high ground few 
miles outside the city. 

was not until about 1901 that the Meramec project assumed 
shape definite enough attract sufficient attention warrant de- 
tailed investigation its merits. developed that this plan called 
for expenditure more than $30 000 000 and the abandonment the 
existing pumping stations. alternative was proposed build 
mechanical filtration plant cost approximately 000 000, with 
estimated cost operation $7.43 per 1000000 gal., amounting 
annual charge about $200000. either case, aside from the ex- 
pense, would matter years before the city could expect ma- 
terial improvement the quality its water supply. 

Under the conditions thus briefly described, the present Water Com- 
missioner assumed office May, 1903. Work was started once upon 
plan designed for system flowing sedimentation, the settlement 
hastened the use some coagulant, presumably sulphate 
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alumina. This plan necessitated the cutting down the walls separat- 
ing the basins form series weirs over which the water 
would flow thin sheet passing from basin basin. The weirs 
were 610 ft. length, surfaced with brick, with baffles, for agitating 
and aerating the water, made setting one course brick end. 
the north end the basins receiving chamber, 610 ft. long, was built 
distribute the water, its entrance into the system basins, over 
weir, similar the weirs between the basins. This chamber was sepa- 
rated into two longitudinal compartments middle wall, perforated 
the bottom with numerous openings about in. high in. long. 
The water coming into the west end the northern compartment, 
filled the southern compartment through the openings the base 
the middle wall and flowed evenly over the weir into the first basin. 
This chamber was designed with curved sides and bottom that sedi- 
ment would not accumulate and stop the passage water through the 
small openings. actual service this chamber admirably fulfilled the 
purposes for which was designed, but, for reasons which developed 
later, its use was discontinued. 

The original idea was use sulphate alumina coagulant, 
and introduce it, the form solution, along the weir between 
the first and second basin, through submerged pipe lying along the 
upper side the weir and discharging through small openings 
ft. apart. similar scheme for introducing solution sulphate 
alumina into water for the purpose aiding sedimentation was and 
had been use the Kansas City Water-works for several years. 

The problem removing the sediment from the basins was 
solved using floating dredge, designed somewhat after the models 
those belonging the Mississippi River Commission. The dredge 
had been built and used experimentally the basins year be- 
fore this time. 

Some time August, 1903, the attention the Water Commis- 
sioner was called the use lime and sulphate iron coagulants 
conjunction with mechanical filters Quincy, All available 
information the subject was collected, and October, 1903, experi- 
ments were started the Laboratory the Water Department de- 
termine the relative efficiency and cost the lime and sulphate-of-iron 
treatment with similar results produced sulphate alumina. 
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very short time there seemed question the superiority 
the lime and sulphate-of-iron treatment cost, efficiency and safety. 

November, 1903, the Water Commissioner and the writer visited 
the Quincy plant and were shown the practical application the lime 
and sulphate-of-iron process all its details. The action these 
coagulants the raw water large scale, was exactly reproduc- 
tion the laboratory work, that the conclusion was inevitable that 
this process, modified suit St. Louis conditions, would produce 
wonderful improvement the water supply. 

Work was immediately begun designing methods applica- 
tion, storing and handling chemicals, changing projected plans 
conform later ideas, and abandoning certain work already 
done. March 22d, 1904, the plant was put operation, and St. 
Louis has had muddy water since, except the few occasions when 
the operation the plant has been interfered with breakdown 
accident. 

The treatment consists the addition sulphate iron and 
lime the water such quantities are necessary produce 
efficient coagulation and rapid subsidence all suspended matter. 
The amount sulphate iron added varies from gr. gr. per gal. 
raw water, and the lime from gr., depending the quality 
the raw water. 

The Mississippi River water holds solution bi-carbonate lime 
and magnesia, free carbonic acid and sulphate lime, all which 
are reduced the treatment except the sulphate lime which 
slightly increased account the action the lime upon the sulphate 
iron follows: 


The action the lime then follows: 


The ferrous hydrate [Fe (OH),] remaining the water oxidizes 
into ferric hydrate, thus: 
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The normal carbonate lime only slightly soluble 
water, and crystallizes about the particles suspended matter and 
the flocculent precipitate ferric hydrate, which also entangles por- 
tions the suspended matter, and serves drag down the whole mass 
matter suspension, together with very large percentage the 

The hydrate magnesia [Mg precipitated, will settle out 
the water slowly. insoluble, but the water absorbs carbonic 
acid from the air, will gradually converted back into bi-carbonate 
magnesia and again taken into solution. 

The original methods applying the lime and sulphate iron 
the water, which have been considerably modified during the three 
years’ operation, were the result careful study and observation. 

Quincy, and other places, the lime was reduced solu- 
tion lime-water and added constant quantity known strength. 
undertake add the requisite quantity lime, the form 
lime-water, the raw water used St. Louis, meant the reduction 
from tons lime daily, which would necessitate maxi- 
mum about 000 gal. lime-water. manufacture 
such quantity lime-water every hours would require equip- 
ment machinery and storage large make the idea utterly 
impracticable, besides introducing other complications account 
the variations strength the lime-water due temperature, which 
would require accurate and frequent determinations and changes 
the measured quantities applied the raw water. After great many 
experiments was decided apply the lime the form milk 
lime carrying from 000 gr. lime per gal. 

The method manufacturing the milk lime was follows: 
Circular tanks, ft. diameter and ft. deep, with revolving rakes 
keep the hydrate lime suspension, were provided, and found 
capable slaking lb. lime per hour each, when supplied 
with about gal. water per minute temperature 120° fahr. 
The lime was added weighed quantities these tanks 5-min. in- 
tervals, the weights corresponding the number gallons pumped 
per min. multiplied the number grains per gallon added. This 
arrangement gave continuous flow milk lime practically con- 
stant strength, long the weight lime added every min. re- 


mained constant. 


4 


H 
| 


PLATE 
TRANS. CIV. ENGRS. 
VOL. LX, 1067. 
WALL 
WATER PURIFICATION ST. LOUIS, MO. 


= 


5 H.P. Motor 
500 
Back geared to 132 R.R.M, 


H.P. Motor 


Motor 


Ze 


NOTE: COAGULANT HOUSE 


: Lengths of Conveyors as given are approximate only. PLAN OF CONVEYIN G MACHINERY 
Exact length: be di ined from detail draw- ‘ 


ee 
| 
/| 
A 
Suppl 
7 


WATER PURIFICATION ST. LOUIS, MO. 


The tanks for dissolving the sulphate iron were ft. and 
ft. deep, supplied with continuous flow cold water introduced the 
bottom the tanks through number pipes with perforated 
caps, giving network horizontal over the bottom the 
tank. The sulphate iron was dumped into the tanks 5-min. in- 
tervals, weighed quantities corresponding the gallons water 
being pumped and the grains per gallon added. 

The quantities water supplied the lime and sulphate-of-iron 
tanks may vary considerably, provided that much water not added 
produce velocity high enough carry small particles over 
suspension, and also that, the first case, enough water supplied 
each tank convert the lime into milk lime which will flow 
readily, and, the other, dissolve the sulphate iron entirely, 
since the proper weights lime and sulphate iron are added 
5-min. intervals. 

The solution iron sulphate introduced into the water supply 
through iron pipe leading down the uptake shaft, where becomes 
thoroughly mixed with the river water its passage and through 
the pumps. 

The milk lime flows from the mixing tanks collecting tank, 
where diluted and cooled about 100° fahr., whence pumped 
20-h.p. centrifugal pump the delivery well which receives the 
discharge from the low-service pumps. The milk lime falling into 
this delivery well mixed thoroughly with the water discharged from 
the pumps, which -has already been treated with the sulphate iron. 
the time the water reaches the basin, coagulation has taken place, 
and the settlement begins soon the initial velocity the entering 
water sufficiently reduced. Fig. Plate XXIV, shows within what 
limited space this occurs. 

Probably more than 90% the suspended matter settles the 
bottom the basin into which the water first introduced, and the 
degree improvement clarification produced the journey the 
water through the succeeding basins not marked, yet there 
vast difference between the quality the water the second basin 
and that the sixth and last. 

long series experiments was made the attempt determine 
the velocity the water through the basins. The velocities are low 
and the variations great, the direction currents indeterminate 
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and readily influenced the wind, that has been impossible 
more than approximate roughly the velocities along the center line 
the basins, the weather conditions being practically the same for all 
observations. 

The following velocities are averaged from number observa- 
tions, rod floats being used, the quantity water passing through the 
basin the time being the rate 70000000 gal. per hours: 


Float submerged in., velocity 5.35 ft. per min. 


“ “ 1 ft. “ 5.60 af “ “ 
“ “ 9 “ “ 5.57 “ “ “ 
“ “ 3 “ “ 5.06 “ b “ 
“ “ 4 “ “ 4.86 “ “ “ 
“ “ 5 “ “ 3.78 “ “ “ 
“ “ 6 “ “ 3.33 “ “ “ 
“ “ 7 9.92 “ “ “ 
“ “ 8 “ “ 9.65 “ “ “ 
“ “ 9 “ “ 9.37 “ “ “ 


“ 10 “ “ 9.35 “ “ “ 


Floats various designs were experimented with, for example, 
spherical surface floats wood and copper, double-ball floats, double 
floats with the upper float hemispherical and the lower one spherical, 
the two connected one case cotton cord, again thin wire, and 
again small wooden rod, besides other forms and combinations. 
Fairly uniform results were obtained from the rod floats made 
wood, in. diameter. Observations taken all other floats were 
erratic that use could made them. 

Soon after this clarification process was put into operation, was 
discovered that the agitation produced the water flowing over the 
weirs was interfering with the sedimentation. The interference with 
the smooth flow the water tended break the coagulated particles 
and reduce them such state fineness that sedimentation would 
not occur much more readily than the raw water. This caused the 
abandonment the use the entrange chamber the north end 
the basins, and led the practice submerging all the weirs, that 
the flow from basin basin was smooth and uninterrupted. The water 
was introduced into Basin No. through the gate connected with the 
filling conduit the west side that basin. These changes produced 
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excellent results until the sediment accumulated Basin No. 
such extent that the inflow water stirred the deposited sedi- 
ment and actually remuddied the clear water. correct this, 
was built front the inflow pipes Basins No. and No. This 
baffle brought all the incoming water the surface and kept the cur- 
rents near the surface. With this arrangement the basin could 


kept service until the sediment accumulated within few inches: 


the top the baffle. opening the sewer gate the east side 
the basin, and leaving open until the effluent became almost clear, 
vast quantity mud was washed out the basin daily, thus allowing 
kept service for much longer periods without being emptied 
and cleaned. When finally became necessary empty and clean 
Basin No. the water was introduced from the filling conduit into 
Basin No. through the west gate, reversing the flow through the 
basin and drawing the clear water from Basin No. while Basin No. 
was emptied and cleaned. Basin No. was then filled with clear 
water over the weir from Basin No. and the clear water supply was 
drawn from Basin No. until Basin No. had cleaned, when 
the flow was again reversed and the operation resumed the first 
case. soon became apparent that only these two basins would need 
frequent cleaning under this system operation, whereas formerly all 
the basins had cleaned regularly, necessitating the constant em- 
ployment force men the basins for about seven months 
the year. has developed that these end basins require cleaning 
after two three months’ service, depending upon the character the 
river water. The cost cleaning not more than one-third what 
was under the old system, although all the sediment plus the lime 
and iron sulphate deposited the basin now, while 80% only 
was deposited there under the old system. 

While the practical results obtained this process water puri- 
fication have been very gratifying during the entire time has been 
used, only within the last year its operation that the methods, 
the working, and the results have been subjected systematic study 
and analysis. Previous that time the Department was kept fully 
making changes rectify glaring faults which required 
neither study nor science discover, although the remedy was not 


always obvious. 
Practically all the chemical and bacterial work the raw and 
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treated water during the first two years operation was done outside 
the Department the City Chemist and the City Bacteriologist, 
and under the direction the Board Health. 


SusPENDED So.ips, Disso_vep Souips, 


BACTERIA, 
PARTS PER PARTS PER 
MILLION. MILLION. | PER CuBIC CENTIMETER. 
Date. 

| | Percent- 

| River. Tap. River. Tap. | River.| Tap. age of 

removal. 

| | 
372 206 165 1050 96.0 
July, 1004........ 2 483 | 48 212 144 26.000 323 98.7 
August, 1904..... eeannge? 1 290 40 257 170 15 180 817 95.0 
September, 1904...... weak 1 000 15 22% | 177 14 200 225 98.2 
November, 1904.......... 228 9 820 19% | 24300; 4050; 
December, 1904........... 256 9 352 227 48250 45 90.5 
January, 1006............ 79 16 414 242 20000 1857) 90.7 
February, 1905........... 29 4 406 230 | 39350; 1341 96.5 
942 9 225 180 33700) 1910 94.4 
440 6 206 156 =| «66080, 2200 96.8 
August, 1905... .. 1 746 24 216 165 40 400 400 | 99.0 
October, 1905............. 730 224 390 99.3 
November, 1905..... .... 895 | 10 248 155 46250; 13863 96.0 
December, 1905........... 388 } 10 316 186 48 520, 848 | 98.4 
February, 1906,..... .... 259 0 247 144 | 47220 1164 | 97.5 
858 3 166 118 | 66560) 202 $9.7 

| | 


Special tests, ‘taking daily samples for from days weeks, for 
the purpose determining the presence Coli Communis have 


been made various times and different observers. Except one 
two doubtful cases, the total absence Coli the tap water 
was established beyond any reasonable doubt. 

Table shows the improvement the purity the water supply 
marked degree. 

The population St. Louis, 1900, was 575000, round 
bers; 1907, 700000. The record for 1904 must read, bearing 
mind that the purification process was not started until April and 
that 1904 was the year the World’s Fair St. Louis, which tem- 
porarily increased the population many thousands, and, under the 
conditions prevailing previous years, increase the number 
cases and deaths from all diseases could reasonably have been expected. 
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SINCE JANUARY 1900. 


| 
1900, 1901. 1902. 1908. 1905. 1906, 1907. 

| 
43, 15) 49) 13 88 14) 189) 26 65; 23 50) 18 50) 

| ! } 


The typhoid rate was 29.4 per 100 000 1900, increasing more than 
per 100 000 1903, and then decreasing per 100000 1906. 
This, itself, does not express the total beneficial effect the gen- 
eral health arising from the use pure water. Allen Hazen, Am. 
E., estimates that where one death from typhoid has been 
avoided through improved water supply, probably two three 
deaths from other diseases have been avoided. The following record 
seems indicate higher proportion decrease than Mr. Hazen’s 
estimate would give: 


ANNUAL St. Louis, Mo., 1900 1906, rrom 
ALONE: 


The original method preparing both the iron solution and the 


milk lime was not entirely satisfactory from the first. The iron solu- 
tion, came from the tank, varied strength times much 
25% from the normal, due adding the charges 5-min. intervals 
while the stream water flowing through the mass was constant. Evi- 
dently the mass dissolved toward the end the 5-min. period, less 
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sulphate iron would exposed the water, and the solution would 
weaker. The extent variation could limited reducing the 
water supply the minimum quantity necessary keep the sulphate 
dissolved approximately fast added, but simpler and more cer- 
tain way maintaining constant-strength solution would 
feeding the sulphate the tank continuously and evenly. The sul- 
phate iron shipped bulk, and known “sugar” sulphate. 
similar fineness granulated sugar, and when perfectly dry 
will flow like dry sand. The physical condition the sulphate not 
uniform enough allow the use standardized orifice, that 
became necessary design apparatus for automatic force feed- 
ing, which would ensure the measurement equal volumes, equal 
times, and susceptible adjustment various rates feeding. 
The range the apparatus must cover all rates from per 

The machine shown Fig. was designed and built the 
Department, and, when operated, its measurements were found 
absolutely uniform. The machine consists cylinder about in. 
diameter and in. long, with two pockets the size which may 
varied the movement the side, which revolves about 
center. This adjustable side fits closely the ends the cylinder and 
the curved side the pocket. These adjustable sides are moved 
the arms, which, their turn, are moved the micrometer screw, 
while the positions the movable sides are shown the scale, 
The cylinder revolves the axis, and driven the worm gear- 
ing, The cylinder partially covered casing which serves 
hold the full load the pockets until they reach the position for 
dumping, and also prevent the escape material from the hopper. 
The cylinder revolves constant speed, about rev. per min., and 
measures and discharges constant volume material equal periods 
time. 

Tests made determine the available amount calcium hydrate 
carried the milk lime, manufactured the system tanks 
described heretofore, showed that there occurred heavy loss, amount- 
ing times much 35% the theoretical value the quick- 
lime weighed into the tanks. About this loss due impuri- 
ties the quicklime, such sand, dirt, flint and underburned stone. 
Another portion loss due the air-slaking the quicklime 
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transit and storage. very warm, moist weather this loss con- 
siderable, but during the greater part the year very small. The 
greatest part the loss was found due imperfect hydration, 
small particles unslaked lime being carried out the tanks sus- 
pension. Lowering the velocity through the tanks reducing the 
quantity water, 120° fahr., supplied them, increased the effi- 
ciency and raised the temperature the tank contents. Increasing 
the temperature the water supplied the tanks from 120° 150° 
fahr., without cutting down the quantity, resulted increased effi- 
ciency about 15%, and raised the temperature the tanks almost 
200° fahr. 

supplying the tanks with quantity water (at 50° fahr.) 
approximately equal weight three times the weight quicklime 
added, complete hydration resulted, with tank temperature more 
than 200° fahr. This was unsatisfactory because the tank contents be- 
came too thick flow readily through the outlet pipe, and, not con- 
stantly watched, would eventually become stiff stop the stirring 
apparatus. addition too much cold water would reduce the tem- 
perature the tank contents too much for efficient hydration. This led 
the idea utilizing the heat the effluent from the tanks for heat- 
ing the water supply. This was accomplished the addition 
auxiliary tank into which the milk lime conducted from the sev- 
eral slaking tanks. This auxiliary tank contains coil through which 
the cold water flows its way head tank, from which the supply 
piped the slaking tanks. The head tank equipped with float 
valve regulate the flow incoming water, that constant head 
kept all the feed pipes leading the slaking tanks. Each feed 
pipe has, its lower end, adjustable orifice regulate the quan- 
tity water supplied each tank, that the quantity water en- 
tering each tank from times much weight the lime 
added that tank. The temperature the tank contents more 
than 200° fahr., and that the water the head tank about 100° 
fahr., varying with the temperature and quantity cold water enter- 
ing the coils. This arrangement has been service for several months, 
and has shown decided reduction the expense operation. 

The total quantities sulphate iron and lime 1:sed during the 
first year operation were: 3578 tons sulphate iron, and 14291 
tons lime; during the second year: 4138 tons sulphate iron, 
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and 11814 tons lime; during the third year: 4050 tons sulphate 
iron, and tons lime. 

The total quantity water treated during the first year was 133 
million gal.; during the second year, 26334 million gal.; and during 
the third year 682 million gal. 

The average daily consumption water has not increased propor- 
tionately with the population since the clarification the water supply. 

The population the city has increased from 575000 1900 
1907. The average daily water consumption for each year 
during this period follows: 


The average quantities sulphate iron and lime used during 
the first year were 1.5 gr. sulphate iron and 6.0 gr. lime per 
gallon water treated; during the second year, 2.2 gr. sulphate 
iron and 6.28 gr. lime; during the third year, 2.13 gr. sulphate 
iron and 7.39 gr. lime. 

The average cost per 1000000 gal. water treated (including 
labor and power) for the first year was $3.60, for the second year, $3.99 
and for the third year, $4.62. The cost detail follows: 


1904-05 1905-06 1906-07 


Cost lime.............. $1.74 $2.45 
Cost sulphate 1.53 1.44 

$3.60 $3.99 $4.62 


The gradual increase the cost purification due several 
causes. During the first year the work was conducted cautiously, and 
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quantities (both sulphate iron and lime), too small produce 
efficient coagulation and settlement were often used. The water 
drawn from the settling basins was often turbid and nearly always 
cloudy. was not until the latter part the first year that the 
ciency the treatment began approach the results which were ob- 
tained during the third year. There was also the fear having caustic 
lime the and, that time, definite method determin- 
ing the quantity lime which would safe add had been de- 
vised; that, trying avoid the error using too great quan- 
tity, was natural fall into the mistake adding too little. The 
increase cost per 1000000 gal. during the third year was due prin- 
cipally the fact that the price lime was raised from $3.88 $4.65 
per ton. The average quantity lime added, grains per gallon, was 
greater during the third year account the longer period very 
turbid water the river, and because greater accuracy propor- 
tioning the proper quantity lime necessary each day and conse- 
quent production continuous supply pure and clear water. 

Tables and give comparative analyses the river and treated 
water, showing the reduction bacteria and tests for Coli Com- 
munis. The bacterial tests were not started until November, 1906, 
account delay equipping the laboratory with the necessary ap- 
paratus. 

The maximum quantity sulphate iron added the water 
any occasion during the third year was 3.75 gr., the minimum being 
1.25 gr. per gal. water treated; lime, the maximum was gr., 
and the minimum, gr. per gal. water treated. These figures are 
the weights sulphate iron and lime taken from 
the bins, but, the case the lime, the actual efficient quantity 
much less than the record shows, account deterioration transit 
and storage from air-slaking; for example, the case the gr. 
mentioned, the actual amount efficient lime, determined 
analysis, was 7.7 gr. This explains why the average for the year, 
grains per gallon, high 7.39; the average efficient lime added 
would considerably lower. The sulphate iron does not deteriorate 


appreciably storage. 

The alkalinity the treated water during the third year varied 
from parts per million, the average being 49. The increase 
incrustants through the action the sulphate iron averaged 
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parts per million, carbonate. The softening 
actually accomplished the treatment reduction the lime car- 
bonate 53% that the raw water, and the magnesia 57%; 
the average 204 determinations each, the amounts and 
magnesium the raw water, were 42.3 and 13.1 parts per million, 
respectively; the treated water, 22.8 and 7.54 parts per million. 


Passes THROUGH THE Basins: 


Basin No. 1, Basin No. 2. Basin No. 3. 
November, 1906 . 89.026 90.0% 


December, 


During each day, often conditions require, samples are taken 
from each basin, and the caustic alkalinity each sample determined 
titration. Throughout the basins the caustic alkalinity kept low 
consistent with efficient coagulation, the aim being keep down 
the charge lime until the last basin shows little caustic 
alkalinity. not possible maintain any uniform set condi- 
tions throughout the basins, account the great and sudden fluctua- 
tions the quality the river water. The quantity lime added 
being controlled this way, the changes the amount sulphate 
iron necessary are determined from the appearance the coagulation 
and from the condition the water each basin, turbidity deter- 
minations being made from portion the samples taken for testing 
the caustic alkalinity. 

Determinations the turbidity, color, the raw water and 
the water the basins are carried daily, record being kept, 

The coagulating plant, which has been use for more than three 
years, was originally built affair, with the expectation 
that would replaced permanent structure after the World’s 
Fair 1904. The cost this temporary coagulating plant, with all 
machinery and connections, was less than $10000. The cost chang- 
ing the settling basins, necessary put operation the purification 
scheme, amounted about $25 000. 


q 
67.8% 
| 99.0% 
é 
{ 
7. 
| ‘ 
j 
q 
} 


TABLE 6.—LABORATORY RECORD, CHAIN Rocks, Mo. 


ASIN. Basin | Basin | Bastn' Basin. Basin 

1907. RIveR WATER. PER ENTRANCE. No.1. No.2. | No.4. | No 5. | No.6. | 

| | | 

APRIL. } | | 


N.E. Mild. 


1 2.25 
| 2.0 
2.0 
89.2 54° 1500 | 2.25 
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When the process was put into operation, however, defects and new 
problems presented themselves rapid and soon became 
evident that design for permanent plant would have await the 
solution some these problems. After three years study and 
experiment, plans and specifications have been prepared for fire-proof 
building, equipped with crushers, conveyors, elevators, feeders, mixing- 
tanks, The contract for this building was let June 11th, 1907, 
for the sum completed January 1908. Plans, 
elevations and sections are shown accompanying plates. 

The building will contain eight circular bins, ft. inside diam- 
eter and ft. high, for the storage sulphate iron and lime. 
These bins will have capacity 10600 cu. ft. each, providing for 
the storage about 160 days’ supply sulphate iron and about 
days’ supply lime, the present rate use. 

The lime bins will practically air-tight prevent deterioration 
while storage. April, 1906, small bin, ft., interior 
dimensions, was built wood with double walls, the space between 
filled with pitch one-half the height, the upper half being lined with 
tar paper covered with pitch. This bin was filled with lime, and sealed. 
careful watch was kept for signs heating, but June 
1907, evidence deterioration had been found. August, 1906, 
another bin the same size was built concrete in. thick, and filled 


with lime. damage has occurred the lime this bin after ten 
months’ storage. Both these bins have stood exposed the weather, 


without any protection, ever since they were built. 

The bins the new building will constructed reinforced con- 
crete, faced the outside with brick. Sections showing the reinforce- 
ment are shown Plate XV. The central part the building will 
brick, and divided into three floors, viz., the basement floor, where 
the crushers and portion the conveying machinery are installed; 
the pump floor, containing the heater tanks and pumps; and the mix- 
ing floor, where the mixing tanks and daily supply hoppers with all 
their appurtenances are located. The motive power for crushers, con- 
veyors, elevators, mixers, will electricity 500-volt circuit. 
All motors will the latest type, having commutating poles, and 
will operated from one switch-board. 

The daily supply hoppers will have capacity 900 cu. ft., and 
will supported four pairs helical springs, shown Piate 
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XVI. Each spring will carry safe load 10000 and deflect 
in. under load 1250 lb. The purpose having this hopper move 
vertically give automatic control the conveyors feeding the 
hoppers. When the hopper full, will stand its lowest elevation, 
but the contents are withdrawn the hopper will rise, and, reaching 
certain point, will automatically switch the current driving the 
motors which operate the feeding conveyors. the hopper becomes 
filled again, descends and again cuts off the current, stopping the 
feeding conveyors. 

The lime fed from its daily supply hopper into automatic scales, 
each which dumps the required amount into its tank, regular 
intervals, varying from minutes. The scales are designed 
weigh any amount from 120 single load, the frequency 
dumping also being adjustable between intervals and min., 
the two adjustments giving quantities varying the rate from 
lb. per minute. 

The sulphate iron delivered from its daily supply hopper into 
the solution tanks the feeders previously described. 

The milk lime flows from the mixing tanks into one the heat- 
ing tanks the pump-room floor and thence the collecting tank 
from which taken the pumps. The collecting tank supplied 
with varying quantity cold water, controlled float valve, for 
the purpose cooling and diluting the milk lime, and also for in- 
creasing the volume dilute milk lime, that the pumps shall 
not empty the tank any time because the varying quantity 
milk lime flowing from the mixing tanks, because the variable 
speed the pumps themselves account variation voltage 
the current supplied. 

The conveyors and elevators are shown plan and elevation 
Plates XVII and XVIII, and Fig. The lump lime unloaded 
from the car into the crushers, and the east side the 
building. crushed in. and smaller, and carried Con- 
veyors and Conveyor which dumps into the boot Ele- 
vator which elevated Conveyor which runs above the 
lime storage bins and dumps into these bins through doors provided 
for that purpose. 

taking lime from the bins for daily use, the crushed lime feeds 
gravity into Conveyor which delivers Elevator which, 
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turn, carries the lantern and delivers the daily supply 
hopper. 

The sulphate iron will unloaded from cars the west side 
the building automatic power shovel into Conveyor 
whence, Conveyors and Elevator and Conveyor will 
delivered into the storage bins. will taken from the bins the 
same method the crushed lime, Conveyor and Elevator 
the daily supply hopper. before mentioned, the motors driving the 
conveyors and elevators feeding the daily supply hoppers will started 
and stopped automatically the vertical motion the hoppers. The 
daily supply hoppers carry from 50000 60000 Ib. ma- 
terial, which sufficient for from days’ supply sulphate 
iron, and from hours’ supply lime, the present rate use. 

case any the machinery feeding the daily supply hoppers 
breaks down, provision made for drawing either sulphate iron 
lime, both, from the bottoms the bins into small cars the base- 
ment floor, from which they will elevated the freight elevator, 
shown Plate XIX, the mixing floor, when the tanks will fed 
hand, being done the present time. 

The cost operating the new plant estimated $17000 per 
year, including interest and depreciation, compared $21 500, which 
has been the average cost operation for the past three years. The 
actual yearly cost operation alone the new plant will least 
000 less than that the original plant. 

There are now being built two new settling basins, Nos. and 
having capacity 000 000 gal., cost about These 
basins are constructed with reinforced concrete walls, sections shown 
Plate XX. The walls are backed with clay puddle in. thick. 
The floor covered with in. concrete, blocks ft. square, 
in. clay puddle, the joints between the blocks being filled with 
asphalt filler. 

These basins are located shown Plate XXI, and are 
nected the drawing conduit, the by-pass, and Basin No. such 
manner that the flow water may changed according any de- 
sired direction, thus making the operation the settling basins per- 
fectly flexible and adaptable any conditions which may arise. Basin 
No. connected with the filling chamber 7-ft. steel-pipe con- 
nection, that the raw water may introduced directly into it, mak- 
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ing primary settling basin desired, and when Basin No. made 
the primary settling basin, clear water may drawn from No. 
through the 7-ft. pipe into Basin No. thus making Basin No. the 
final basin from which the treated water drawn. With these basins 
service and the improved facilities for uniform treatment afforded 
the new coagulating plant, there reason doubt that St. Louis 
will supplied with water agreeable the eye and pure and 
wholesome enjoyed any city the United States. 

From the inception the first idea the St. Louis process 
clarifying and purifying the water supply, the work has been prosecuted 
with all the energy and skill the Department, individually and col- 
lectively. one man, apart from the Water Commissioner himself, 
who, course, has borne the greatest portion the responsibility 
success failure, can considered entitled more credit for 
its than any other employee engaged upon that particular work. 
would not just conclude this paper without mentioning the 
valuable and efficient services Mr. Arthur Jacobs, Engineer 
Charge the Supply and Purifying Division, and Mr. Wilson 
Monfort, Chemist the Department, both whom have contributed 


largely the success the process. 
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DISCUSSION. 


has been engaged for the last year and half making tests the 
various water purification plants Ohio, for the State Board 
Health, and has read with much interest Mr. Wall’s paper the 
design and operation the St. Louis plant. There are, however, two 
three points the operation this plant which differ from the 
method ordinarily used filter plants, and are not discussed the 
paper. Among these the practice using such large amounts 
lime, with consequent reduction the hardness the treated water. 

stated the paper that the amount lime used much 
the water will stand, and that lime added until the water the 
last basin slightly caustic. This means that, while the river water 
contains generally two three parts carbon dioxide per million, 
and hence normal carbonates, all the free and half-bound carbon 
dioxide eliminated the treatment, producing water that con- 
teins only normal carbonates and, times, even slight caustic 
alkalinity. The question arises: the use large amount lime 
necessary for proper coagulation? The chemical reactions, stated 
the paper, show reduction the bicarbonates the treatment, 
and the use lime amounts beyond that necessary for the removal 
the acid iron salts formed addition the copperas solution 
the raw water. 

The following statement gives the results the reactions the 
coagulants those filter plants Ohio where copperas and lime are 
used coagulants. There first reaction the copperas the 
raw water, before lime added, causing reduction the bi-car- 
bonate alkalinity and the formation acid iron salts. Lime then 
added neutralize the iron salts, and the total alkalinity brought 
back about the original content the raw water. further in- 
crease the amount lime added gives increase the amount 
total alkalinity, condition which obtains until point reached 
which softening action the lime begins. Beyond this point the 
further addition lime results the decrease the total alkalinity, 
reduction varying with the amount lime used, and similar that 
all water-softening plants. The amount normal carbonate pres- 
ent before there any softening action has, the winter, been found 
high parts per million, even hours after the coagulants 
had been added. 

many filter plants where lime and copperas are used coagu- 
lants, the custom add first the copperas and then the lime until 
sufficient quantity the latter present give treated water 
which slightly alkaline phenolphthalein. general, may 
said that the use 1.0 gr. copperas per gallon requires 0.4 gr. 
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lime per gallon (in bulk) give water containing small amount 
normal carbonates. Whether not there final reduction 
the total alkalinity the treated water, seems depend the 
character the raw water, its temperature, and somewhat the 
time which elapses between the introduction the coagulants. 

Marietta, Ohio, there filter plant using lime and iron for 
coagulants, where very careful records the operation the filter 
plant are kept; the results there are characteristic those similar 
plants where lime and iron are used. Table shows the monthly 
averages the daily determinations made during the last months 
Mr. George Gadsby, who has been retained chemist the 
plant. 

The most striking feature Table the great variations 
the bacterial efficiencies obtained the basins, namely, from 
94.4 per cent. The operation the plant was somewhat hindered 
during March the very high stage water the Ohio River, which 
resulted decrease the efficiency the coagulating basins, but 
the chief cause the poor results obtained during March and 
was that not quite sufficient lime was used. The necessity having 
the water slightly alkaline phenolphthalein was not appreciated, and 
the effluent from the filters was frequently slightly acid phenol- 
phthalein. should noted, however, that practically iron went 
through the filters, even under this condition. Beginning May 
1st, more attention was paid having small amount normal 
carbonates the treated water, with the result that the efficiency 
the basins increased immediately nearly per cent. other 
words, the use very few more pounds lime increased the 
ciency per cent. 

The tendency the least possible amount lime was not 
due inadvertence, but the fact that previously, when lime was 
used such quantities give parts normal carbonates 
per million the treated water, the air pipes the filters were clogged 
lime incrustants and had removed and cleaned. was with 
the intention avoiding recurrence this condition that the least 
possible amount lime was used. 

Lorain, Ohio, lime and copperas have been used coagulants 
the old purification plant since 1903. Lime generally used 
such quantities will give small amount normal carbonate 
the effluent, but the use too large amounts lime, where 
the coagulation period only min., has caused the formation 
after-deposits lime the grains the sand, resulting in- 
crease the effective size from 0.52 0.61 mm. analysis, the 
sand the filters was found covered with lime the extent 
37% its weight. manifestly impossible obtain satisfactory 
results from the filters under such conditions. has been stated that 
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TABLE 7.—ANALYSES 


RAW WATER AND EFFLUENT FROM FILTERS, MARIETTA, OHIO. 
(Parts per Million.) 


MaRcH. APRIL. May. JUNE. JULY. AUGUST. | AVERAGE. 
fo) | | 
Raw. Eff. Raw. Eff. Eff. Raw. Eff. Raw. Eff. Raw. Eff. Eff. 
| 
2 Copperas, in grains per gallon. 3.38 1 2.06 2.14 8.25 1.65 2.27 
5 Lime, in grains per gallon..... 0.95 0,82 0.83 0.85 1.23 0.67 0.89 
Bacterial efficiency of coagu- 
lating basins................. 67.4% 80.6% 94.4% 


Estimated. 
Raw water contains from parts per million free carbon dioxide. Length period sedimentation 3.5 hours. 
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rapid application wash-water tends remove these after-deposits 
lime, but the writer has definite information this point. 

From the foregoing facts, apparent that the proper use 
lime and copperas, coagulants for filtration, requires constant 
and accurate adjustment between these two materials, such that the 
treated water shall contain small, and only small, amount 
normal carbonates. Under such conditions, there caused increase 
the total hardness the water, amounting about gr. per gal. 
for each grain copperas added, accompanied slight change 
the temporary hardness and removal about 33% the color. 
will appear, also, that the lime and copperas treatment, applied 
St. Louis, not only the coagulation obtained from the copperas, 
but the treatment one softening the water. -The coagulating 
masses formed the softening treatment are large, flocculent, and 
very efficient the removal suspended matters and bacteria; and 
this probably due much the success the plant St. Louis. 
Also, the large removal color St. Louis undoubtedly due 
the softening treatment, without which probably only one-third the 
dissolved color would eliminated. 

The use such large quantities lime, where sedimentation and 
alone are relied for the purification the supply, 
shown necessary such plants that St. Louis; but, from 
the foregoing discussion, would seem shown that this practice 
not advisable connection with the coagulation water applied 
filter plants, account the clogging the sand and pipes 
after-deposits. 

Prince, Am. Soc. (by one can read 
this interesting and instructive paper without feeling satisfaction 
the recital efforts ending success well earned. 

1846 the writer first knew St. Louis water, when, his way 
college, visited his brother, David Prince, M.D., Professor Pope’s 
College, whose office was the corner Fourth and Olive Streets 
(then the heart the city). was the habit Dr. Prince draw 
two buckets muddy water from his faucet, about M., and 
set them away settle over night, say hours. The next day 
would use the rather milky-looking water for drinking and lavation. 
This was the general custom, and few used strainer any kind, 
although thousands acres excellent tripoli existed untold 
quantities Missouri. Some few people—laundrymen, and others— 
used little alum clear the water over night, for rinsing clothes 
the following day. About in. jelly-like mud was deposited the 
bottom the clear-water buckets after hours’ subsidence. The 
popular opinion then was that the Missouri mud was very healthful, 
and promoted good digestion. 

The St. Louis water also possessed another excellent quality, 
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Mr. Prince. proven the fact that the United States Navy sent St. Louis for 


quantities Missouri River water for use long cruises, and par- 
ticularly for use the voyages the South Atlantic, because this 
water never soured nor turned bilge-water aboard ship, most 
waters would. 

When the writer was building the water-works Quincy, 
1873, and operating them subsequent years, became very well 
acquainted with the late Thomas Whitman, Am. Soc. 
then Chief Engineer the St. Louis Water-works, and one time 
honored Vice-President this Society. 

Several times Mr. Whitman showed the writer the subsiding 
reservoirs operation. that time there were four these basins, 
each 000 gal. capacity, about day’s supply all. 

The quantity silt deposited seemed enormous, and, 
course, this deposit had removed. These subsiding reservoirs, 
remembered the writer, were constructed cut stone, with 
vertical sides the water faces, and shown Plate XXI, 
sluice, about ft. wide and ft. deep, having gentle slope, and com- 
municating with sewer running the river. The outside the 
bottom each reservoir was little higher than the sluice any 
point, and the slope was probably about 100. 

get rid the deposit was serious problem. Mr. Whitman 
tried all probable ways, such the use hose nozzles, solid and 
spray, large and small, with powerful pumps, but vain. The jets 
simply honeycombed the, say, in. thick, caked, jelly-like 
mud. 

finally adopted the following simple method: The reservoir 
cleaned was drained, and, commencing the upper end, 
cient number men were provided with stout-handled push-boards, 
say in. wide, and ft. long, probably with one light steel 
edge for cutting, and was really surprising see these men move 
the sluice easily euch large cakes silt. Then, the water let 
the sides, for the purpose lubrication only, completed the 
transportation the Considering the condition the silt, 
after several weeks settlement and compacting, this, doubt, was 
the best way clean out the reservoir and get rid the deposit 
the least cost. 

interesting and remarkable that, the intake, Chain 
Rocks, St. Louis gets its water mostly from the Missouri River, al- 
though the two rivers unite several miles above this point. After the 
Missouri River (often called The Big Muddy) empties into the 
Mississippi, the waters not commingle, and, usually, the line 
demarcation can seen, the difference the color (turbidity) 
the two rivers, for miles below the city. This and many the fore- 
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going remarks have been made simply emphasize the fact that 
was great problem St. Louis obtain clear water economically, 
and great quantity, from water holding much solid matter 
suspension. 

Some credit, also, due Mr. Charles Henderson, former 
Superintendent the Quincy Water-works, for first having found out 
the proper proportions chemicals use the process water 
coagulation and subsidence resulting clear water. now con- 
nected with the water-works Waterloo, Iowa, and has exerted him- 
self very cheerfully impart all the information gleaned from very 
long continued and carefully made experiments. 

The methods and appliances use and brought into use 
St. Louis for the purification the water are the results persistent 
study and experiment. They are quite advance the Quincy 
methods, many respects, and seem very complete. 

possible, however, that some cheaper coagulant may dis- 
covered, which will dispense with the use sulphate iron; and 
yet, the present time, sulphate iron coagulant and lime 
(water milk) precipitant have successful rivals for water- 
works purposes. 

likely that the addition subsiding reservoirs Nos. and 
will found worth very much more than they will cost, for 
reasons. With the evidently rapid growth St. Louis, 
likely that still more subsiding reservoirs, and possibly the enlarge- 
ment the intake Chain Rocks, will become necessary and de- 
sirable. 


Soper, Am. Soc. should feel indebted 
Mr. Wall for his description the method purifying the public 
water supply St. Louis, and particularly for his description the 
method handling the large quantities chemicals required. 

the effects the process, seems too soon form 
final opinion. ‘There have been abundant illustrations elsewhere 
the usefulness chemical precipitation, and precipitation with 
iron and lime, but chemicals are generally used preliminary 
filtration. 

will necessarily some time before the sanitary value the 
St. Louis works can accurately measured. There doubt that 
the water has been improved, and improved materially, and apparently 
comparatively small cost; but the measure that improvement 
depends facts and figures which are not yet available. The speaker 
would like see more analytical and statistical data concerning the 
effects operation. 

There are, course, drawbacks the use chemicals, treat- 
ing water supply. All these drawbacks are not self-evident. One 
objection results from the changes sometimes produced the mineral 
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content the water. The speaker does not know that there has been 


any trouble with boilers distributing pipes St. Louis, but 
one the things look out for. 

Considerable interest attaches the author’s remarks concerning 
the diminution typhoid fever which seemed follow the intro- 
duction the plant. The use typhoid statistics, measuring the 
effect improved water supply, has many pitfalls and difficulties, 
and would not strange the author had fallen into one more 
them. is, unfortunately, unsafe rely even the vital statis- 
ties collected many the most advanced and best governed Amer- 
ican cities, for, the first place, physicians not always know 
typhoid fever when they see it, and, the second place, they not 
always report when they recognize it. 

The speaker would like know, convenient the author, how 
many cases other fevers, which might have been typhoid, 
during the period covered his typhoid statistics. The statistics 
seem error, because appears that there has been case 
mortality from 25%, while probable that not more than 
all people attacked typhoid die it. 

Even the few statistics given were accurate as-could de- 
sired, they would not necessity show much importance concern- 
ing the operation the works. not easy understand how much 
typhoid, city like St. Louis, due water. There are usually 
many other sources this disease. seems quite possible that, 
all the facts were known, would appear that the water supply 
St. Louis has had the last few years very little with the 
prevalence typhoid, and that the disease has not increased 
diminished the extent commonly supposed. 

There final point, which the speaker hesitates mention, but 
inasmuch as, before this Society, will probably taken the con- 
servative spirit which intended, and may lead useful in- 
quiries, may referred briefly. concerns the composition 
the sulphate iron used. How much iron preseut, and how much 
acid? What the quality the lime? The chemicals cannot 
pure. city could afford pay for pure chemicals, even they 
were obtainable. What are the How much arsenic 
there this sulphate? Some years ago the speaker had occasion 
examine specimens sulphate aluminum from good many filter 
plants, and found arsenic nearly all them. true that, 
usually, the arsenic was not present large quantity, but was 
easily discoverable, and some the samples was present suffi- 
cient amount more than passing interest. The arsenic, 
course, came from the sulphuric acid used making the sulphate 
aluminum, the acid having been produced 
which contained arsenic. 
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questions that the speaker would like ask regard this inter- 
esting paper, especially the details the method which the 
chemicals are applied the water. more however, 
the general principles the process and the results, than 
the details. This method purification chemical precipitation 
usually regarded preliminary process, followed filtration; 
but this case the preliminary process stretched perform all 
the work that done. The results which have been accomplished 
this stretching preliminary process are great interest, and 
doubt the people St. Louis appreciate very much the improvement 
that has been made the quality their water supply. 

seems the speaker, however, that the author takes altogether 
too roseate view the future. For instance, near the close the 
paper found this statement: 

“With these basins service and the improved facilities for uni- 
form treatment afforded the new coagulating plant, there 
reason doubt that St. Louis will supplied with water agree- 
able the eye and pure and wholesome enjoyed any city 
the United States.” 

This certainly exaggeration. The speaker cannot believe that 
the results this process are going good the results which 
would obtained supplementing chemical coagulation with 
filtration, according modern methods; and does not seem him 
that the figures presented the tables bear out the statement just 
quoted. the early part the paper the author speaks the tap 
water St. Louis 1904 being clear and sparkling. translate 
this into the language used the chemist would say that the 
water had turbidity zero. The tables the paper show that the 
turbidity the water has not always been zero, but often far from 
it; rather, they show that the suspended matter has not been zero, 
for will that figures for the turbidity the tap water 
are not given They are simply given for the water before treat- 
ment. The speaker hopes that, his closing discussion, the author 
will supply this deficiency. 

the few analyses given, some are monthly averages, and others 
were taken week apart. Now, well-known fact that 
monthly average often does not tell what the condition the water 
has been from day day. The figures for may fairly low 
and satisfactory, and yet there may have been days during that month 
when the water was not satisfactory. This the speaker knows from 
experience, and there reason believe that not true the 
St. Louis water. That the product such plant this would 
irregular, would naturally expected, for while the application 
the chemicals may under control, the natural physical and 
meteorological conditions which affect the sedimentation are not sub- 
control. 
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The speaker had the pleasure visiting the St. Louis plant, dur- 
ing the early part the work, time when was uot working 
well evidently has been lately, but then saw illustration 
its irregularity. For the month June, 1904, the amount sus- 
pended matter the effluent given Table parts per 
million, and yet the day when the speaker was there the turbidity 
the water leaving the settling basins was 400. Therefore, seems 
the speaker that the figures given may be, certain extent, 
little misleading, and may give idea that the water clearer than 
sometimes really is. lent this view reports 
which have come from persons who have visited the city and who, 
while they remark that the quality the water has been very greatly 
improved, speak its turbidity. 

The speaker agrees with Dr. Soper that the data are hardly 
cient give the water supply absolutely clean bill health, and 
that they not show what may the final results this treatment, 
from sanitary point view. The figures, admitting their accuracy, 
show great reduction the typhoid fever death-rate, but one 
were follow the typhoid fever records back for number years 
before those tabulated, would find that about ten years ago the 
typhoid fever death-rates were nearly low they have been during 
the last year two, and that this was during the time when the city 
was depending plain sedimentation, without the use chemicals, 
for the purification the supply. 

Here should noticed that the author refers the efficiency 
the old sedimentation process being “from per cent.” Now, 
the report the commission which studied the water supply 1904 
gave the efficiency the settling basins “from 94%,” and 
gave the average efficiency 85%, while, the speaker recollects 
correctly, later observations made Mr. Flad showed the efficiency 
the sedimentation process without chemicals more than 90%, 
figure which comes closer the figures given for the chemical process 
the paper. 

The speaker mentions these matters because seems him that 
this paper might made very much greater value, and certainly 
much more convincing, giving more detailed information regarding 
the quality the treated water. Some the omissions were doubt- 
less accidental, for the author speaks one place tables giving the 
results turbidity, and another place tables giving the results 
tests for Coli and other tests, which data are not found the 
places mentioned. 

One other point might mentioned, namely, the effect which 
the use these chemicals may have the mincral quality the 
water. well known that, where lime used, the reaction not 
instantaneous, and there are apt occur what are known “after 
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deposits” calcium carbonate, etc. These deposits may take place 
after the water has left the settling basins. The speaker once visited 
city where there were considerable deposits lime the inner 
surfaces the service pipes and the working parts meters. 
These deposits were not very large, but were quite noticeable. There 
reason doubt that time this will happen St. Louis. 

The question the quality the ferrous sulphate used has been 
raised Dr. Soper. This important matter, for the chemical 
may conceivably contain substances which may detrimental the 
pumps through which the water passes. 

conclusion, the speaker wishes congratulate the City St. 
Louis for what its engineers have done. They deserve praise for the 
energetic manner which they have taken hold the problem. 
hopes, that the city will not content itself with half-way 
process, but will use much energy securing complete process 
purification has used developing this preliminary process 
chemical precipitation. 


Am. Soc. E.—The speaker has read this paper 
with considerable interest, and desires call attention one thing 
particular—and very commendable matter, that. While St. 
Louis was discussing, and had been considering for years, the question 
improved water supply, with experts from all over the country, 
Boards Trade, Chambers Commerce, citizens, yet one 
seemed able suggest any really practical method doing the 
work, until the gentlemen mentioned this paper, having meet the 
situation, designed plant which has done the work, and has given 
water vastly better quality than that with which the city had ever 
been supplied. That true engineering feat, and deserves high 
praise. 

very probable—and the speaker does not disagree with either 
Mr. Soper Mr. Whipple—that better results can secured 
carrying the process forward, filtering the water after passes 
through the sedimentation tanks, greater chemical refinement; 
but the main point stands out that the engineers met difficult situ- 
ation, and built practicable plant short time, and compara- 
tively small cost. 


engaged the closest attention engineers for many years, and the 
general conclusion has been that sedimentation—followed coagula- 
tion and filtration—was the proper solution. The expense such 
purification approximates from $15 $17 per million gallons. 

The author’s recent experience St. Louis, however, seems 
show that, for all practical purposes, the whole operation can per- 
formed successfully coagulation, followed prolonged sedimenta- 
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tion, thus apparently shutting out entirely the expensive necessity for 
filtration. According his experience, the water can purified for 
per million gallons. course, all have understood, heretofore, 
that physically possible accomplish the entire operation 
clarification coagulation and subsidence; but has always been 
maintained, with much force and judgment, that was unwise 
so, large scale, because considerable portion the coarser 
sediment could first removed more cheaply and successfully 
plain subsidence, and, most important all, that the last traces 
clay particles could more completely removed filtration than 
prolonged settling. 

Furthermore, engineers have generally held that good reliable 
sanitary requirements, bacterial efficiency, could best accom- 
plished and properly maintained filtration. The author now states 
that the same bacterial efficiency can had simple coagulation 
and prolonged subsidence, and that the result accomplished one- 
third the cost. This most important fact. would appear, how- 
ever, reference the various tables submitted, that, point 
fact, the clarification not any means such would desired 
fastidious community. The average “color” given 12, 
whereas the effluent from good filters generally shows That 
say, more than four times cloudy good filtered water. 

Table shows that November, 1906, and January and Febru- 
ary, 1907, the bacterial efficiency was below standard, and that 
March, 1907, for the first time three years’ operations, was above 
standard. That say, from sanitary point view, the water 
delivered consumers was unsafe most the time except during 
the last month operations. 

would interesting know whether not the maximum 
quantity sulphate iron (3.75 gr. per gal.) and the maximum 
quantity lime (11.0 gr. per gal.) used during the third year 
operation were actually consumed during March, 1907, when the 
bacterial efficiency was satisfactory. 

The writer greatly impressed the good results Table 
showing the reduction the typhoid death-rate, due, undoubtedly, 
water purification. This feature, above all others, appeals one’s 
sense humanity. The results stand out strong contrast with the 
late experience Washington, C., where, apparently, the filters 
failed lower the typhoid death-rate, was reasonably expected. 

There doubt, however, that the bacterial efficiency attained 
the St. Louis experiments practically all that could desired, from 
sanitary point view, and the expense incurred, namely, $4.62 per 
millien gallons, only about one-third that good filtered Mis- 
sissippi River water. 

The whole question, then, turns upon the degree clarification 
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necessary desirable each case. Each city now liberty Mr. Conte. 
decide for itself according its financial ability, and later, perhaps, 

when better able stand the extra burden, may introduce filtration. 

This will prove particularly good news many western cities 

now supplied with muddy river waters. 

Epwarp Am. Soc. (by writer re- Mr. Wall. 
grets that, his paper, the question the determination the proper 
amounts lime and sulphate iron added the river water 
was passed over such cursory manner leave the impression 
that necessity the process was caustic alkalinity the basins. 
When the process was first inaugurated, and for considerable time 
afterward, this was thought true for all conditions the river 
water, and, the struggle maintain its clarity, the factor 
caustic alkalinity the treated water did not receive the atten- 
tion deserved until almost year later, and was not until 
the spring 1906 that the problem proportioning the lime and 
sulphate iron was made depend othér variables than the ap- 
pearance the water the basins, supplemented few crude 
tests. Still, with all the assistance afforded frequent determina- 
tions alkalinity and turbidity, the increase and decrease the 
quantities chemicals added must influenced somewhat the ap- 
pearance the water the basins. For example, may happen that 
the alkalinity conditions the basins are satisfactory and that the 
turbidity readings are normal, but inspection the basins may 
show that the coagulation finely divided and carrying over into 
the third fourth basin. This condition would usually met 
increase the sulphate iron, followed later increase the 
lime necessary. the other hand, should the coagulation show 
large masses, settling out very rapidly and close the in- 
lets, the quantities lime and sulphate iron would reduced, re- 
gardless the low caustic alkalinity the basins. 

When the river water carrying large quantity suspended 
matter, the changes the amounts lime added follow approxi- 
mately the fluctuations alkalinity the river water; but, when the 
amount suspended matter becomes low for the Mississippi River, 
this tendency not noticeable. The changes the quantities 
sulphate iron vary after rough fashion with the amounts sus- 
pended solids from day day. This shown Plates XXVII and 
XXVIII. 

The two lower profiles each these plates show the variations 
from alkalinity bicarbonate the first entrance basin, 
and the last one the series. inspection these plates will 
show how the fluctuations afford key the changes necessary 
made the quantity lime added. the caustic alkalinity the 
basin rises, the lime reduced, and vice versa. The caustic 
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alkalinity and the bicarbonates the last basin follow approximately 
the changes the first basin, although they are not pronounced, 
and usually little later. 

Plate XXVII shows the conditions during May and June, 1907, 
when the river water was carrying large quantity suspended 
solids. 

Plate XXVIII shows the changes during August and September, 
1907, when the suspended solids dropped from 500 parts per 
million, the alkalinity rising from 120 160 parts per million. will 
noticed that the decrease the quantities added, both lime and 
sulphate iron, coincident with the drop suspended solids; 


also, that the caustic alkalinity the first basin disappears entirely 


during the latter part September, although the alkalinity the river 
water has increased. During November and December, 1907, and Jan- 
uary, 1908, there has been alkalinity any the basins, 
and the bicarbonates have run high parts per million the 
first and parts per million the last basin. The alkalinity the 
river water has increased from 170 217 parts per million during 
these months, the corresponding alkalinity the treated water rising 
from parts per million. 

The writer entirely agrees with Mr. Burgess that the use large 
amount lime, practiced St. Louis, would impracticable 
conjunction with filters, account the clogging the sand and 
pipes. This difficulty was observed shortly after the process was 
started St. Louis, when, first, both the lime and sulphate iron 
were added the river water before its passage through the pumps. 
short time was found that the suction pipe, pump 
chambers, and valves were becoming coated with deposit which 
rapidly thickness. The then added the water 
the delivery well, into which the pumps discharge, and further 
trouble has been experienced the engine-house. the delivery 
well and through the filling however, deposit several inches 
thickness and was removed after three years ser- 
vice, trifling cost. the drawing conduit, through which the 
treated water passes, slight deposit found, present probably in. 
thick near the basins, and rapidly decreasing very thin coat- 
ing farther down. This deposit not believed 
thickness. was formed during the early stages 
while the treated water was carrying caustic alkalinity most the 
time, and when, also, portion the finely-divided coagulant was 
carried over suspension Searcely any evidence de- 
posit found the pipes pump chambers the high-service en- 
gines, and certainly such deposit not appreciably increasing. 
careful examination the distribution pipe, meters, and service pipes 
has not produced any evidence danger feared from “after 
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deposits.” understand why any should expected, 
long the treated water carrying practically suspended mat- 
ter and alkalinity, which has been the case for several 
months, and, with additional basin capacity, should matter 
little difficulty continue these conditions indefinitely. 

The writer confesses that unable see any basis for the 
opinion expressed Dr. Soper that too soon form final 
opinion the effects the process. now nearly four years 
since the process was inaugurated, and only beneficial effects have been 
observed. would seem that, any deleterious effect was going 
some indication should have appeared this time. Steam 
users have found much less trouble operating boilers, the scale 
formed being much harder, but much thinner, better conductor 
heat, necessitating less frequent cleanings and less danger burning 
crown-sheets and tubes. 

The writer has copy report made June, 1904, the 
chemist the American Steel and Wire Company (manufacturing 
the sugar sulphate), which stated that was found 
any the samples tested, and that the small quantity arsenic 
the acid used cleaning steel is, without doubt, removed 
the cleaning tubs the form arsenureted hydrogen, thus leav- 
ing the liquors, from which copperas made, free from arsenic. Even 
there should minute quantity arsenic the sulphate iron, 
possible that this could remain the water after treat- 
ment with the quantity lime used St.-Louis. 

Sulphate iron may contain manganese sulphate, but such 
small quantities The amount free sulphuric 
acid sugar sulphate not sufficient interfere with its value 
coagulant, the objection its presence all being due the fact 
that would neutralize certain amount lime, forming sulphate 
lime, thus increasing slightly the permanent hardness the water. 

The sulphate iron received St. Louis has lost portion 
its water that longer has the theoretical 
composition shown the formula, SO, (7H,O), but carries 
greater percentage SO,, thus samples are often found con- 
tain more than 100% SO,, 100% this case meaning the 
theoretical percentage SO, contained chemically pure sul- 
phate iron the composition SO, Analyses lately 
made samples taken from cars show 102.18% SO,, and, after 
exposure the air for few days, 104 per cent. 

The insoluble matter sulphate iron made sand, 
rolling-mill and rust. These impurities are inert, far water 
purification concerned, and amount less than per cent. 

The lime usually has from 97% CaO available, aboui 
impurities consisting silica, magnesia, and clay, the remaining 
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unavailable material being due underburned stone. The lime 
bought under contract requiring analyze not less than 90% 
CaO, all lime showing less than 90% suffer reduction contract 
price the same percentage that the analysis falls below 90% CaO. 
Lime showing analysis more than 95% CaO paid for ex- 
cess the contract price one-half the increase percentage over 
95% CaO. The lime shows above 90% CaO, except when the 
weather conditions are such that air slaking transit reduces the 
available CaO. 

The writer believes that the effect the purification water 
supply the health, shown the simultaneous diminution 
the typhoid death-rate, too well established admit any 
serious argument the contrary. may happen that engineer, 
reviewing the results his work, sometimes inclined take too 
roseate view its excellence and seize too eagerly such 
statistics the time favor his arguments. While the writer does 
not wish understood claiming that the entire credit for re- 
duction typhoid due the purification the water supply 
St. Louis, yet believes that has been the most potent factor 
bringing about that result. The period eight years, from 1900 
1907, inclusive, which was taken the paper illustrative the 
effect typhoid the water purification St. Louis, includes the 
time from which the low death-rate typhoid began rise, due, 
doubt some degree, the pollution the Mississippi the dis- 
charge from the Chicago Drainage Canal, opened early 1900. This 
rise typhoid continued until the inauguration the purification 
process 1904, when the drop was very marked, and the decrease has 
continued until the present time. During this period eight years 
there has been radical change sanitary conditions St. Louis 
which might affect the public health, except that the improvement 
the water supply. 

Fig. shows the typhoid death-rate per 100 000 St. Louis for the 
last years. is-interesting compare the fluctuations this 
diagram with changes the water-works St. Louis, and note 
the remarkable regularity with which decrease the typhoid rate 
follows each improvement the water supply. 

The very pronounced drop 1856 followed the putting into service 
new reservoir having capacity gal., while previous 
this date the settling capacity had been about 7000000 gal. 

Unsettled conditions, brought about the Civil War, may account 
for the rising typhoid rate from 1863 1866. 1867 the 000 000- 
gal. reservoir was found almost half full sediment, and 
additional temporary reservoir was built and used conjunction with 
the larger one. 1871 the old pumping plant was abandoned and 
station was put service Bissell’s Point, three miles farther 
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the river, where settling capacity 000 000 gal. was provided, Mr. 
and the water was again pumped from these basins into the Compton 

Hill Reservoir, holding 60000000 from which the distribution 
system was supplied gravity. 

The sudden increase typhoid 1892 was attributed the con- 
tamination the water supply the effluent from Harlem Oreek, 
which drained about acres and emptied into the Mississippi just 
above the water-works intake. 1893 the dry-weather flow this 
was diverted into channel emptying below Bissell’s Point. 

1895 the intake was moved the Chain Rocks, seven miles 
above Bissell’s Point, where the settling basin capacity was increased 
four times its previous quantity, effect giving three full days’ 
settlement the river water before was pumped Compton Hill 
Reservoir, whereas there had been less than one day’s settlement be- 
fore this time. This will serve account for the very low typhoid 
rate prevailing until 1900 when the Chicago Drainage Canal was 
opened. 

When the use typhoid statistics confined one city, and com- 
parisons are drawn from yearly records, seems that the objections 
their use, raised Dr. Soper, can hardly apply. The errors 
physicians, either not recognizing typhoid fever cases, failing 
report them, could reasonably supposed constant factor 
affecting the record, since, large city, the personnel the 
profession and the range and methods individual practice will vary 
comparatively small degree from year year. 

The Health Department St. Louis has record cases other 
fevers which might have been typhoid, for the reason that report 
cases required, and only the deaths from malarial fevers are re- 
ported the authorities. 

The writer can readily understand why Mr. Whipple cannot be- 
lieve that the results the St. Louis process are going good 
would obtained were filtration made part the scheme. The 
writer and his associates this work did not believe that such would 
the case for long time after the process was operation. But, 
the methods were improved and the adjustments were brought 
under better control, the possibility turning out good water 
done filtration plants, began evident, and, for considerably 
more than year past, the treated water has averaged high 
clarity and purity the effluent the ordinary filter plant. must 
remembered that the usual filter plant daily operation does not 
always give either perfect uniform results, and, thus far, has not 
been productive brilliant results, when attempted the turbid 
waters the Middle West, large scale. There reason 
believe that St. Louis would have fared better than some her sister 
cities, had the attempt been made filter the Mississippi water here. 
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There has been attempt keep record the turbidities 
the treated water, the determination the suspended solids and the 
color being considered sufficient. The amount suspended solids has 
been, with few exceptions, practically negligible for more than year, 
and the color usually below 12. Any further reduction color has 
not been attempted, for the reason that the advantage having per- 
fectly colorless water does not seem sufficient warrant any 
special effort obtain it. 

Mr. Conte has apparently fallen into error, confusing the 
color reduction with the clarification. Filtration itself usually has 
little effect reducing color. The average color the treated 
water St. Louis scarcely noticeable except direct comparison 
with colorless water. 

Table was compiled from reports the Health Department, for 
the reason, stated the paper, that the Water Department had not 
the organization that time for proper and determinations 
the results the process. After April 1st, 1906, complete records 
daily determinations were kept, and Tables and were compiled 
from these. The work the Health Department was confined sam- 
ples collected once each week. 

The writer made these tables with the idea that, abbreviated 
form, they would sufficient show the extent the purification. 
have given the daily record would neither have added nor sub- 
tracted from the force the figures, since the dates used are taken 
uniformly one week apart, and afford thoroughly representative state- 
ment the working the process covering long period time. 
true that, during the early months its use, there were periods, 
varying from few hours day time, when the turbidity 
the treated water would run from 40, and, under extreme condi- 
tions, high 200 300, account the improper proportions 
lime and sulphate iron added, due the fact that the whole 
process was experimental stage and that the Department was 
operating new and untried field, with precedents guide it. 
There was also another serious obstacle attaining uniformity 
results during the first six months, namely, that the settling basins 
were being changed accommodate the new system, necessitating the 
cutting down available basins for settling purposes four and even 
three times. Those periods high turbidity the treated 
water were short duration, however, and, for the greater portion 
the time, the turbidity was much lower than indicated the sus- 
pended solids given Table 

Another condition, which itself has had bearing the puri- 
fication process, yet may have served leave false impression the 
minds visitors St. Louis, who afterward commented unfavorably 
the water, was that the pipes the distribution system. 1904 
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Mr. Wall. St. Louis had more than 700 miles mains, through most which 
muddy water had pumped for many years, leaving accumulations 
sediment low points, dead ends, and lines having poor circu- 
lation. Disturbances the direction flow the currents the 
pipes, caused use fire-hydrants, shut-offs for repairs con- 
nections, would stir these deposits sediment, and affect the clear- 
ness the water that locality. Local complaints muddy water 
were daily occurrence for several months, but, the distribution 
system became flushed out, these troubles diminished, and complaints 
have been rare during the past months. 

looking over the records the reduction suspended solids 
the old fill-and-draw method simple sedimentation, the writer finds 
numerous cases where the reduction was less than 10%, times when 
the river was low and when the suspended solids the river water 
were 200 parts per million less. The observations made Mr. 
Flad, and referred Mr. Whipple, were taken dur- 
ing periods relatively high turbidity the river water, and show 
average reduction suspended solids 76.25% for one period 
consecutive days and 67.5% for another set continuous deter- 
minations for days. The amount suspended solids during the 
first period averaged 1960 parts per million, with minimum 890 
and maximum parts per million; and, during the second 
period, averaged 1305 parts per million, with minimum 560 and 
maximum 3092 parts per million. Therefore the writer believes 
that his statement, that the method simple sedimentation reduced 
the suspended matter from 80%, fairly representative the 
results the old system. 

Through oversight, portion the following information 
regard tests for Coli was omitted from the paper. The writer 
has thought best now give these tests more detail, and add 
the later work done the Department laboratory. 

June, 1905, Dr. Charles Snodgrass, that time City Bac- 
teriologist, made series tests for Coli, covering period 
days. The results these tests are given Table 

The samples Table were taken from the river the inlet 
tower, from the first basin, where the water enters, and from the last 
basin, where the water drawn into the conduit its way the high- 
service pumps. 

September, 1905, attempt was made the Department 
carry set tests for Coli, but, owing the deficiency ap- 
paratus and lack experience, these tests were not satisfactory. 
series tests covering days, using samples cu. each day, 
the river water gave positive results each case, seven the samples 
treated water gave negative results, one doubtful, 
positive. 
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TABLE 


AMOUNT OF WATER USED. 


Treated water, before sedi- | | | 
8 3 6 5 1 10 
Treated water. after sedi- } 
2 10 0 11 1 10 | 
| | 


Mr. Witherell, Chemical Engineer for the American Water 
Works and Guaranty Company, Pittsburg, made examinations for 
Coli February, 1906, the results which are shown Table 


TAKEN FROM Faucet 4219 


GELATINE AT 


DaTE. 20° CENT. AGAR. } 
25 SPOROGENES: 
320 12 45 14 0 se = = 
1 040 29 4 200 310 4 ig Positive. 
81 0 72 | 12 1 * Negative sa 
20 000 89 21 000 400 0 
270 10 4 000 35 0 
700 31 972 29 0 
150 21 115 21 0 hex Positive. i 
55 35 2 15 0 
123 105 39 15 0 Negative. 
45 8 50 10 0 


November, 1906, the Department commenced regular examina- 
tions the river and treated water for Coli. The sterilizer did 
not all times work satisfactorily, that the results were often 
vitiated, and, during July, August, and September, 1907, determina- 
tions were made. October new sterilizer was installed, and the 
work since that time has been satisfactory. all cases the presence 


Coli the river water was established, using samples 
cu. em, 


Mr. Wall. 


‘ 
6 


Mr. Wall. November, 1906, May, 1907, samples cu. em. the 
treated water were used, with the following results: 
November, 1906, positive, total samples. 
December, “ 0 “ “i “ “ 12 “ 


January, 1907, 


“ “woe “ “ 48 “ 


February, “ “ “ 88 “ 


? 

May, 

the latter part May, 1907, and for all Coli determinations 
since that time, samples cu. treated water were used, giving 


results follows: 
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“ “ 296 “ 


May, 1907, positive, total samples. 
June “ 6 “ “ioc “ “ 95 “ 

October “ 3 “ “ 90 “ 

November “ 0 “ “ 120 “ 
December, “ 1) “ oo “ “ 90 “ 


The writer believes that the improvement which might made 
over the present condition the water supply St. Louis, sup- 
plementing the process with filtration, would slight that the dif- 
ference could only discovered close analysis, and would im- 
material the consumer. The material advantage (if any should 
exist) gained filtration, would much out proportion the 
cost constructing, maintaining, and operating filters, that would 
absurdly impractical proposition advocate, unless some new 
and unexpected difficulty should arise vitiate the results now being 
achieved. Thus far, nothing has been discovered which would lead 
the most skeptical doubt that the future this process St. Louis 
will the direction uniformity effluent, equivalent appear- 
ance and quality that obtained filtration. The water delivered 
consumers during the past months has not differed appreciably, either 
from chemical, biological, point view, from filtered 
water, except the fact that the St. Louis treated water has the ad- 
vantage being softened considerably the process. This process 
not applicable all waters, any means, because its success de- 
pends mainly the presence the bicarbonates lime and magnesia 
the raw water. most cases, cities drawing their water supply 
from the alluvial streams the Mississippi Valley can adopt this sys- 
tem with profit and satisfaction. 

The writer does not believe that too optimistic saying that 
the work done St. Louis opens new field for water purification 
which will eventually developed into something simpler and cheaper 
than filtration, producing every respect results equally satisfactory, 
and applicable the water supply many cities, both great and 
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REINFORCED CONCRETE FOUNDATIONS 
OVER EXCAVATIONS PAVED STREETS. 


Constant excavations the paved streets Easton, and 
numerous depressions formed over previously excavated trenches, have 
called the writer’s attention the necessity providing some means 
for protecting the surface the street from gradual settlement below 
the general level the adjoining paving. 

matter how carefully the back-filling trench done, there 
bound settlement the earth replaced the trench, and 
some cases this settlement has not begun show for year more 
after the paving has been replaced. 

order avoid settlement the surface, the foundation for 
repaving over all trenches has been reinforced with expanded metal. 
For trench not more than in. width, the writer uses expanded 
3-in. mesh and No. gauge steel, having cross-sectional 
area not less than 0.185 sq. in. per ft. width. 

After the trench properly back-filled, the old concrete re- 
moved for distance least ft. beyond each side the trench, 
and expanded metal placed over the entire opening. thickness 
in. conerete, mixed the proportion part Portland cement, 
parts sand, and parts broken stone, placed over and around the 
expanded metal such manner that the metal embedded it, 
in. above the base and in. below the surface. 


. 

} 


CONCRETE FOUNDATIONS OVER EXCAVATIONS 


After the concrete thoroughly rammed even surface, the 
paving material replaced this surface conform with the ad- 
joining paving. 

These requirements met with some opposition first from cor- 
porations and local contractors who are constantly digging the 
paved streets for new mains and repairs, but now all excavated 
trenches are repaved with the expanded metal reinforcement. 


REINFORCED CONCRETE FOUNDATIONS 
OVER 
EXCAVATIONS ON PAVED STREETS. 


Fic. 1. 


The cost this foundation per linear foot trench about 374 
cents more than that plain concrete. 

Assuming the working strength the steel 20000 lb. per 
sq. in., and allowing for the shape the metal, which distributes the 
load over in. trench, wheel load from 650 700 lb. would 
supported safely without the aid the back-filling below the founda- 
tion. 
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INVAR (NICKEL-STEEL) TAPES THE 
MEASUREMENT SIX PRIMARY 
BASE LINES.* 


Until near the end the last century, geodesists considered some 
form bar apparatus necessary for the accurate measurement 
primary base lines. The use any bar apparatus very expensive, 
hence, when became apparent that frequent bases were required 
triangulation more economical form measuring ap- 
paratus was necessary. the question economy would undoubtedly 
solved the use long tapes wires, many attempts were made 
devise some means securing satisfactory degree accuracy 
with apparatus this type. Long steel tapes wires had been 
use for many years for measuring purposes, but, until about 1890, 
they were not considered accurate enough for primary measurement. 
Although many had investigated the use tapes for measure- 
ment, greater less extent, one the first make successful 
investigation was Professor Woodward, while was 
the United States Coast and Geodetic Survey. 

The results his work and their discussion, together with the 
mathematical formula required for the general use tapes, may 


*Presented at the meeting of December 4th, 1907. 
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found Appendix the Coast and Geodetic Survey Report for 

Previous Work with Steel long steel tapes used 
Professor Woodward his investigations have been used since the 
measurement number base lines the Coast and Geodetic 
Survey. The most important work this character was the measure- 
ment nine base lines along the 98th meridian, Mr. Baldwin, 
direct comparison between the measurements with bars 
and steel tapes was made each the nine bases. The duplex bar 
apparatus—one the best forms bar apparatus known—was used, 
and also both and 100-m. steel tapes. The results this work 
demonstrated that steel tapes, when used night, and standardized 
under the same conditions that prevail during the base measures, gave 
practically the same degree accuracy the duplex apparatus, for 
about one-third the cost. This work also demonstrated that the 
gain, either accuracy economy, the use tape more than 
long, was small fail offset the gain convenience 
manipulation the field possessed the shorter tape. Consequently, 
the Coast and Survey, until recently, has considered the 50-m. 
steel tape the best form base-measuring apparatus, used night, 
when the temperature the tape can obtained very accurately. 

Invar, Nickel-Steel few years ago, Dr. 
Guillaume, Assistant Director the International Bureau Weights 
and Measures, near Paris, discovered alloy nickel and steel which 
possessed small coefficient expansion, its use for base measure- 
ment was immediately suggested, the effect temperature errors 
would undoubtedly greatly reduced using such metal. This 
alloy made near Paris secret process, and contains about 36% 
nickel. has been given the name “invar,” word derived from 
the same root the word invariable, and having similar meaning. 

Guillaume’s investigations the properties this alloy have been 
quite extensive. The results his work have been published from 
time time such scientific publications Bulletins des Séances 
Société Francaise Physique, Archives des Sciences, Comptes 
Rendus, Journal Physique, Metallographist, addition the 
publications the International Bureau Weights and Measures. 


***On the Measurement of the Holton Base, Holton, Ripley County, aebiene: and the 
St. Albans Base, Kanawha eng West Virginia.” 

+ ‘**On the Measurement of Nine Bases ee She Ninety-sighth Meridian,” Apx. 3, 
U.S. Coast and Geodetic Survey Report, 1901, 
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Guillaume’s investigations extend over period several years, 
and, far they apply base measurement, have been made 
with bars, wires usually long. 

Coast and Geodetic Survey Invar Tapes.—The use wires 
instead tapes has not been considered advisable the Coast and 
Geodetic Survey, the objections wires being considered more 
consequence than the objections tapes. 

soon Guillaume’s investigations with the invar wires had 
advanced far enough prove that the metal comparatively stable, 
the Coast and Geodetic Survey decided test some tapes this alloy. 
Although invar wires could obtained with little difficulty, invar 
tapes could secured until December, 1905, when they were pur- 
chased London, England. 

These invar tapes are about (171 ft.) long, 6.3 mm. (0.25 in.) 
wide, and 0.5 mm. (0.02 in.) thick, with mass about per 
length (0.027 oz. per ft. length). They are slightly longer and 
heavier than the steel tapes used the Coast and Sur- 
vey, the mass the latter being about per length. 

The invar tapes are considerably brighter than the steel tapes, be- 
ing more nearly like nickel appearance. Although they are less 
easily oxidized than steel tapes, almost much care 
order keep them free from rust. The metal softer, more easily 
bent, and less elastic than steel. 

When these tapes were laid, without tension, upon flat surface, 
they appeared crooked, being full small bends all directions. 
These bends were not large enough, however, cause any part the 
tape more than about in. from straight line. The large bends 
were removed from all tapes used for base measurement, before be- 
ginning the standardization. 

When the tapes were stretched under tension kg. (the 
tension used all the measures), the remaining small bends were 
practically eliminated, although certain lights numerous minute 
irregularities were distinctly visible. These small irregularities were 
nearly the same every time the tape was stretched under 
kg., that the length the tape was practically constant. This 


was proven the standardization these tapes. 


The measurement several primary base lines had 
poned year more the Coast and Geodetic Survey, hope 
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securing some these invar tapes; hence, when they were received. 
preparations for the measurement these bases were immediately 
begun. 

Several the invar tapes were prepared for measuring purposes, 
the same manner the steel tapes, the Instrument Division 
the Coast and Geodetic Survey. Small silver sleeves were riveted 
rigidly each tape near either end, carry the graduation marks, 
the distance between the two marks tape being very nearly 

aluminum reel, in. diameter, was made for each tape. 
The size these reels was not considered sufficient consequence 
warrant special investigation, hence was fixed accordance with 
statement made Mr. Baugh when transmitting the tapes. 

The fact that these reels are not small enough affect the length 
tape was proved during the standardization reeling and un- 
reeling one tape one hundred times several different days, change 
its length being noticeable. 

Investigations the Properties Invar Tapes.—Notwithstanding 
the fact that Guillaume’s investigations with invar wires were quite 
extensive and satisfactory, was considered best make experiments 
enough with these tapes certain that they did not possess prop- 
erties which would affect the accuracy any measures 
that might made with them. Consequently, several short pieces 
the tapes were tested, the National Bureau Standards, order 
find: 

First.—The tensile strength; 

Second.—The yield point; and 

Third.—Whether the continued application and removal small 
loads affected the length the tape. 

The tensile strength was found about 100000 lb. per in. 
(practically one-half that ordinary tapes), load more than 450 
Ib. being required break the specimens. The yield point, determined 
with Henning mirror extensometer, was about 70% the tensile 
strength. 

One specimen had load lb. suspended from for hours, 
without showing any change length. Loads lb. were ap- 
plied and removed one the specimens many times, the lengths 
corresponding the same loads being practically identical. 

The results these experiments were very satisfactory; and 
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properties derogatory the use these tapes for measuring purposes 
were discovered. 

Disadvantages Steel Tapes.—Steel tapes must standardized 
the field and used night order obtain the accuracy required 
for the measurement primary base lines. The cost the measure- 
ment very considerably this account. these con- 
ditions are necessary, owing the uncertainty the determination 
the temperature the tape, was hoped that this expense could 
eliminated using metal which possessed small coefficient 
expansion. Consequently, the invar tapes were standardized the 
Bureau Standards both before and after the field measures. 

Night measures are objectionable for many reasons: The neces- 
sity for illumination causes loss accuracy and also loss speed, 
thus increasing the cost the work. Therefore, the invar tapes were 
used during daylight hours only. 

Owing the fact that the invar tapes were unknown, and that 
there was possibility their proving too unstable for accurate 
work, was decided make complete measurement all the bases 
with the steel tapes well with the invar tapes, thus insuring 
satisfactory determination the lengths the bases and affording 
means studying the relative action the two kinds tapes. 

steel tapes were used entirely night and 
standardized the field just before and just after the measurement 
the six bases. The invar tapes were standardized the Bureau 
Standards. 

All the tapes were standardized practically the same manner, 
comparing them many times with 50-m. comparator, the length 
which was obtained with the iced-bar apparatus. 

The 50-m. comparator used the Bureau Standards located 
tunnel about high and wide, and long. Along one 
wall this tunnel are number pipes through which brine, 
temperature —10°, may pumped get low temperatures. The 
iced bar used for this work the one designed Professor Wood- 
ward, and described the Coast and Geodetic Survey Report for 
1892. steel bar, little more than long, the measure being 
the distance between two fine lines cut into platinum iridium plugs, 
one near each end the bar. The bar supported adjustable bolts 
the trough resting upon trucks also adjustable. 
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track was built the floor the tunnel for these trucks run upon 
that the bar could moved along rapidly. Microscopes for hold- 
ing the measure while the bar was being run ahead were mounted upon 
heavy iron arms, one end each being attached, adjustable man- 
ner, the top stone post. These posts were apart, the length 
the bar. hole was cut through the top each post permit the 
light from electric bulb, suspended back the post, supply the 
illumination for the microscope. Each stone post was mounted upon 
concrete pier. 

The were carefully aligned fine wire stretched 
between the end microscopes and near the foci all. The heights 
the microscopes were such that their foci were nearly straight 
line which was practically horizontal. 

The inclination the bar each position (the end marks the 
bar being the foci the microscopes) was determined with sector 
attached the side the trough, thus giving data for the elimina- 
tion the effect the small differences height between the foci 
the microscopes. 

The ends the comparator were marked spherical-headed bolts 
set the concrete piers which support the end microscope posts. 
These marks were directly under the end microscopes, which were re- 
ferred the end marks frequently during the standardization the 
cut-off cylinders used heretofore. 

The bar was aligned and leveled the usual manner, the trough 
being kept full crushed ice possible during each operation. 
The bar was usually surrounded with ice least half hour before 
beginning the measurement. 

determination the length the comparator consisted 
least two measures with the iced bar opposite directions. 

When making the tape comparisons the Bureau Standards, 
determination the length the comparator was made the be- 
ginning and also the each day’s work. When work the 
field such determination was made before beginning the tape com- 
parisons, after their completion, and intermediate times, neces- 
sary make the interval between the tape comparisons and com- 
parator determination than hours. 

The lengths the tapes were obtained stretching them under 
the end microscopes the comparator, always supporting and hand- 
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ling them practically the same manner they were used 
the field. The invar and steel tapes were handled exactly the same 
manner. The tape was supported the graduation marks and also 
one point the middle line with the end supports. tension 
kg. was used, indicated spring balance having dial with 
hand working over its face. complete revolution corresponded 
kg. The tension could read about without difficulty. 

thermometer with metal back was fastened from the 
graduation mark (and toward the middle), each end the tape. 
These were always read immediately after making pointings upon the 
graduation marks tape. 

During standardization the rear end the tape was held rigidly 
adjustable clamp. The forward balance end was held 
adjustable ratchet device, the Bureau Standards, and the tape 
stretcher used the base measurement, for the field standardization. 

determination the length the tape consisted two simul- 
taneous pointings the two observers the graduation marks the 
tape, followed immediately two more after the observers had ex- 
changed places. 

ordinary day’s work was found double comparison 
from six eight tapes, with iced-bar determination the length 
the comparator, both before and after. During February, 1906, 
before beginning the base measures, twelve thirteen comparisons 
were obtained for each the six invar tapes, six comparisons 
temperature about cent., and the remainder about 25° 
After the base measures, October, 1906, five these tapes 
were again standardized, four comparisons being obtained for each. 

The results the standardization for the five invar tapes are 
follows, each temperature being the mean all the observed tempera- 
tures for that tape, the length the mean all the observed 
lengths 


Temperature, in Length, in 
degrees, cent. millimeters, over 50 m. 


Tape No. 
February, 1906......... 7.816 
October, 25.62 8.079 
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Temperature,in 
degrees, cent. millimeters, over 50 m. 


Tape No. 438. 


February, 1906........ 8.057 
Tape No. 439. 
February, 1906......... 14.24 6.578 
October, 25.60 6.864 
19.92 6.721 0.007 mm. 
Tape No. 440. 
February, 1906......... 14.38 9.418 
October, 25.70 9.702 
20.04 9.560 0.008 mm. 
Tape No. 442. 
February, 1906..... 9.218 


Table shows the individual values for Tape No. 440, and fair 
sample the manner which the results agree: 


TABLE 1.—INDIVIDUAL VALUES INVAR TAPE 


No. 440. 


Observed Computed Computed 
Temperature length over length over 
ate. in degrees, 50 50 m.+ 
in millimeters. | in millimeters. in millimeters. 
1906, 
4.4 9,208 9,26 +- 0.060 
6 9.615 9. 64£ + 0.080 
1 9.600 9 + 0,036 
6 9.596 9,645 + 0,049 
5.7 9.716 9.666 
4 9.685 9.660 — 0,025 
5.70 + 9.702 


1 
¢ 
Final 
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The quantities the column headed “Computed” were obtained 
from the final mean reducing the temperature the in- 
dividual values. The probable error was computed from the residuals 
given the last column. 

reducing all the values obtained the February standardiza- 
tion the temperature the October standardization, was found 
that there was slight lengthening all the tapes during this period. 
However, there are residuals both signs the February work, 
least part this difference may apparent rather than actual. 
averages about part 800000 for the five tapes, the greatest 
being part 617000. this change took place uniformly, the 
mean the two standardizations gives values from which the lengths 
the bases are obtained very accurately. Even were sudden 
change, the error any base from this source could not more than 
part 1600000, and might much less. was probably more 
less gradual change, there was nothing the measures indi- 
cate any sudden change. may have been due change the 
molecules the tape itself, but more likely have been straighten- 
ing out the many small bends the tapes. the latter, may 
have been either gradual change sudden one, although the 
former the more probable. 

Tapes Nos. 437 and 442 were never used, except for the compari- 
sons. Tape No. 437 was taken into the field, but was not used the 
base measures. Tape No. 442 was not even taken into the field. The 
large bends were not removed from Tape No. 442 before standardizing 
it, and the graduation marks were very irregular, hence its change 
probably due partly these two conditions. the largest change was 
only 0.08 mm. per tape length, quantity barely perceptible the 
naked eye, certainly not serious consequence any case. Steel 
tapes have been found change length more than this. 

Coefficients coefficients expansion for these 
tapes were computed from the February observations, the large range 
temperatures having been secured for this purpose. During this 
work the Bureau Standards, four steel tapes were also compared 
for the purpose getting their coefficients expansion. Table 
shows the results obtained for all the tapes: 

These coefficients for the invar tapes are very small, being pracii- 
cally one-twenty-eighth those steel tapes. They are about one- 
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half those the wires used the base measurement through the 
Simplon Tunnel, Guillaume, thus showing that they are probably 
smaller than those usually obtained for this alloy. 


TABLE 


Expansion per Coefficient per 
Tape Number. degree centigrade | Probable Error. unit length per 
| per 50 m, degree centigrade. 
0.0207 +0.0009 0.000 000 41 
0.0213 00008 0.000 000 48 
00220 0.0009 0.000 000 44 
0.565 0.003 0.000 011 8 


Bases Measured.—Early March, 1906, the party left Washing- 
ton, measure six base lines. The first measured was Point 
Isabel Base, Southern Texas, near the mouth the Rio Grande 
River; second, Willamette Base, the Willamette Valley, Oregon; 
third, Tacoma Base, near Tacoma, Wash.; fourth, Stephen Base, near 
Stephen, Minn.; fifth, Brown Valley Base, South Dakota, near Brown 
Valley, Minn.; and, last, Royalton Base, near The 
first, fourth and fifth bases control part the triangulation along the 
98th meridian; the two the Pacific Coast control the main scheme 
along that coast between the 39th-parallel triangulation and the Puget 
Sound work. The last base controls, part, the triangulation which 
connects the 98th-meridian scheme with the triangulation the Great 
Lakes near Duluth. 

All six bases were measured with three steel tapes and also with 
three invar tapes, each tape being used about two-thirds each 
base. Two complete measures each base were made with the steel 
tapes and two with the invar, the steel tapes being used night only 
and the invar the daylight. The measures were arranged that 


complete inter-comparison all the tapes was obtained each base. 

Field steel tapes were standardized the 
first and also the last base measured. 50-m. comparator was built 
each these places, and its length was determined with the iced 
bar the same manner the Bureau Standards. The method 
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making the tape comparisons was the same that used the 
Bureau Standards, except that the regular tape stretcher used the 
base measures was used the forward end the field standardization. 
Two comparisons were obtained for each the steel tapes, each 
two nights, both standardizations, eight comparisons all 
for each tape. 

Adopted Lengths All Tapes.—The adopted lengths and other 
data for the steel tapes, derived from the field comparisons, are 
given Table coefficient expansion was obtained from the 
work the Bureau Standards. The table also gives the adopted 
lengths and other data for the invar tapes obtained from the obser- 
vations the Bureau Standards, which have been previously de- 


scribed. 
TABLE 


STEEL TAPEs. 


mm. mm, Degrees. 
0.010 0.003 
0.024 0.003 


0.017 0.004 


0.021 0.003 


INVAR TAPES. 


mm. mm. Degrees. 


0.007 0.0009 

0.009 0.0008 

0.007 0.0006 

0.008 0.0006 

0.010 0.0009 


Field preparation the base lines for measure- 
ment was practically the same for previous base measurements with 
steel tapes. Posts, in., were driven every along the line, 
with posts in. midway between them. nail, for the middle 
support the tape, was driven into each the 4-in. posts, line 
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with the tops the adjoining 4-in. posts, raised enough 
that the tape would clear the ground other objects. this case its 
height was determined while running the levels over the base. All 
these posts were carefully aligned with theodolite. Forward sights 
only were used, and posts were rarely set more than 300 from 
one position the instrument. There was probably tape length 
that was out parallelism the base much thus 
eliminating errors from this source. 

forward and backward line levels was run over each base 
determine the height each 4-in. post and all 4-in. posts 
which were not grade with the tops adjoining 4-in. posts. 
The difference height any two adjoining posts was probably ob- 
tained within hence errors from this source are also negligible. 
The corrections for grade were obtained from table prepared for the 
argument, difference height, using the formula: 


Copper strips, the same thickness the graduation sleeves 
the tapes, were nailed the tops the 4-in. posts hold the 
marks for the measures. Each base was divided into sections about 
km. length. The various measures section were all referred 
the same lines the copper strips the terminal posts, hence 
are directly comparable. 

Heavier posts were set very solidly the ends the sections 
hold the measure for several days, necessary. Only complete sections 
were measured one time, thus the 4-in. posts were not de- 
pended upon hold the measure for more than few minutes. 

The tapes were stretched over the 4-in. posts, with thermom- 
eter attached the top, the same manner the standardization. 
The rear end was held small steel bar. The forward end was 
attached the hook the balance, which was fastened to. the stretcher 
gimbal attachment with counterpoise, that the balance could. 
always kept horizontal. steel point was fastened the lower 
end the stretcher bar, and quick and accurate adjustment for the 
height the tape was made without using the screw adjustment, 
merely pressing the stretcher into the ground more less might 
required. 
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All 4-in. posts were set uniform height above the ground 
(about that time would lost during the measure 
adjusting the tape stretcher. 

Party Organization—The measuring party was composed two 
observers, two tape stretchers, one recorder, and two men support 
the middle the tape while was being carried forward, seven all. 
The first three bases were prepared the measuring party, but the 
last three were prepared separate party, consisting five men. 
This party prepared three bases, aggregating length km., 
working days. This time includes delays account weather and 
travel between bases. The latter required four days. about 
kilometer one base, the posts were set pond where the water 
was about ft. deep, and each post the water was double braced 
order insure its stability, thus delaying the preparations very ma- 
This party had difficulty preparing between and 
km. per day, under ordinary conditions. When the preparation party 
finished with base, everything was ready for beginning the measures. 


The copper marking strips were usually nailed the tops the posts 
during the first measure. 

Speed Measurement.—A single measurement km. was found 
ordinary day’s work, when half was made night. 
Occasionally, km., more, were measured one day. This, how- 
ever, occurred only when the work had been delayed from some cause, 
and was too much maintained for any length time. The speed 
with which the measurement progressed was trifle more rapid with 
the invar than with the steel tapes. After the party acquired some 
experience, speed more than km. per hour was ordinarily main- 
tained. The average speed for the invar measures the last base was 
2.6 km. per hour, the whole party being well trained this time. 
attempt was made merely acquire speed, tape length never being 
marked until everything was apparently steady and correct. 

Record and Computation.—The record kept this work was very 
simple. consisted principally two thermometer readings for 
each tape length, with occasional set-up set-back, made order 
keep the marks the copper marking strips. Notes the con- 
dition the weather, the occurrence anything that might affect 

the measures, were inserted whenever needed. making the com- 

putations the average temperature for each section was used deter- 


3 
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mine the average length the tape during the measurement that 
section. 

Table gives the results the measures for each section the 
Brown Valley Base, and fair sample the form computation 
and differences between the results for the individual sections, ob- 
tained all the bases. 

Table the time given hours and tenths. All measures 
with steel tapes were made night, and all measures with invar tapes 
columns headed “Weather,” “Wind,” “Temperature,” “Temperature, 
rising falling,” and range” are inserted permit 
the study possible sources errors. The abbreviations used 


these columns are: rising; falling, for temperature; 
dew, for weather conditions; light; moderate; and 


fresh, for wind, with the usual abbreviations for its direction. 
The temperature range given tenths degrees for the steel tapes, 
but only degrees for the invar tapes, owing their smaller co- 
expansion. 

Column shows the average temperatures for each measurement 
section, corrected for thermometer errors. Column gives the 
corrections the tapes due differences between this temperature 
observation and that standardization for the particular tape. 
Column gives the grade corrections obtained from the difference 
heights between adjoining posts, previously mentioned this 
paper. Column gives the reduction sea level obtained from the 
average height the section, using the formula 


being the length the section, and the radius curvature 
the earth for this base line. Column gives the algebraic sums 
the set-ups and set-backs for each measure the sections. Column 
gives the tape corrections for the sections, obtained multiplying 
the excess the length the tape over the number tape 
lengths the section. Column shows the algebraic sum Columns 
15. These quantities are the results the individual measures 
for the various sections. Column shows the lengths the sections 
determined with the steel tapes, and Column 18, the lengths 


q 
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determined with the invar tapes. Column gives the residuals for 
the various measures the sections, not combining the invar and 
steel results. Column shows the differences between the invar and 
steel measures the various sections. 

Computation Probable probable error for the base 
was determined follows: The probable error each section was 
determined from the residuals Column 19, keeping the measures 
with the steel and invar tapes separate. These values were combined 
with the probable errors the tapes, the latter being obtained 
multiplying the probable error one length the tape, given with 
the adopted lengths tapes, the number tape lengths the 
section. 

The probable error the length the base, given the steel 
tapes, was obtained taking the square root the sum the squares 
the probable errors all the sections obtained from the measures 
with steel tapes, and the probable error the length from the measures 
with the invar tapes, similar combination the probable errors 
the sections obtained from measures with invar tapes. 


Probable error measures with steel tapes, Brown Valley 


Probable error measures with invar tapes, Brown Valley 


These values were then combined with the probable errors due 
the probable errors the coefficients expansion. The latter were 
obtained taking the sum all the temperature differences between 
the observed and standard temperatures the tapes the base and 
multiplying this the average probable error the coefficients 
expansion the tapes, these probable errors being nearly equal. 


The probable error due probable errors coefficients 
expansion for steel tapes mm. 


The probable error due probable errors coefficients 
expansion for invar tapes 
Combining these with the values already given have: 
Probable error due measurements and coefficients: 


Weighted mean, steel and invar tapes...... 2.09 mm. 
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TABLE MEASURES 


(1) (2) (3) (4) | (5) (6) (7) (8) (9) | (10) (11) 
I | 1906. Hour. | De grees. | Degrees. m. 
1 June 27 9.7 | SE. | 440; 24.88 6 | P 0.0016 
| | 
June 29 10.0 NW.| 405 12.58 | FR) FD |LE —0.00%4 
| 7 
- June 30 10.8 | SE 408 8.83 1.5 FR) FD | LNE| —0.1336 
June 405 9.56 0.9 FR| —0.1272 
June 9.9 SE. 


* This section was measured in part with each of the tapes given. 
+ Full or half-tape lengths did not fit between the ends of this section, hence, the fractional 


| | | | 
; | 
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VALLEY BASE. 


(12) (13) (14) (15) (16) (17) (18) 
| 
—0, 1290 0.1912 
( 0.1559 5 +.0,0879 


+0. 1912 


0.2512 


+0,0859 | +0.1644 
+-(0). 0686 -+0.1344 

0. 063% +0,2512 
+0.0876  +0.2424 
+0,0222  +0.i644 
+0.0512 | +0,1344 
+0.2512 
+0. 0783 +0. 2424 


tape length ( 


1 000.1110 
1106 


1036 
. 1074 


.1010 | 


0675 
-0671 
0659 


minus Observed. 
Difference. 
Invar minus Steel. 


Residual, Mean 


2.0548), measured with a 3-m. bar, has been included in these lengths. 


(19) (20) 

mm. mm. 
—0.3 |...... 

+1.4 —4.5 

—0.9 
| 4 
| | 
q 
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The probable errors given far not include the probable error 
the determination the length the comparator. This was prac- 
tically 0.014 mm. the values for the tapes depend upon two 


probable error per tape length, resulting from the uncertainty the 
length the comparator. 

there were 164 tape lengths the Brown Valley Base, the effect 
the probable error the comparator 164 0.010 1.64 mm. 
This, combined with the last value obtained, gives the final probable 
error the Brown Valley Base, 2.83 mm. part 910000. 

This includes all known sources error throughout all the opera- 
tions necessary obtain the length the base terms the inter- 
national meter. 

Length Bases.—The final lengths the six base lines, together 
with their logarithms and probable errors, all computed the same 
manner above, are given Table 


TABLE 


LENGTH. 
Meters. Logarithm. 
Willamette........ 14 019.3781 4.1467287 4.09 * “1 3430000 
12 055.5701 3.99 “1 3020 000 
Brown Valley..... 8 223.5695 8.915084 2.83 * “uy 


Comparison Between Results for Steel and Invar Tapes.—In order 
afford ready means for comparing the results obtained with the 
invar and steel tapes, Tables and are given. They show the prob- 
able errors the measures with steel and invar tapes, computed in- 


dependently. 
The results shown Tables and that the measures 
with invar tapes are considerably better than those with steel tapes. 


| 
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compare the probable errors obtained before combining with the 
probable errors due comparator (as the latter are the same with 
both kinds tape), will seen that the probable errors from the 
invar tapes are less than half those from the steel, except the 
Royalton Base, where the measures with the steel tapes were excep- 
tionally accordant. These probable errors for the measures with steel 
tapes agree reasonably well with those obtained heretofore, thus show- 
ing that comparison between the measures with invar and steel tapes 
these six bases equivalent general comparison between the 
two metals. 


TABLE 6.—PROBABLE ERRORS FOR MEASURES WITH INVAR TAPEs. 


Due to 


mm. mm. 

Point Isabel.......... + 2.83 + 1.48 | + 3.19 or 1 part in 2310000 
Willamette .......... + 3.18 | + 2.80 1 “ 340000 
+ 3.25 + 2.41 +406 °° 1 2980 000 
+ 4.12 + 1.84 +451" 1 2040000 


Mean, 1 part in 2 630 000 


TABLE 7.—PROBABLE ERRORS FOR MEASURES WITH STEEL TAPES. 


| Due to 
Partial comparator. Combined. 
mm. 
Point Isabel......... + 5.49 + 1.48 + 5.68 or 1 part in 1 300 090 
Willamette,......... + 7.59 + 2.80 “1 1730000 
+ 6.98 + 2.41 +7.39 “1 1630000 
Mean, part 500 000 


According these probable errors, the measures with the invar 
tapes should have weight for measures with steel tapes, 
combining them for the final length base, only accidental 
errors are considered; but, there are small systematic errors 
affecting both kinds tapes, weight only was used the 
combination for the final length base. 


Table shows the actual discrepancy between the lengths the 
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six bases determined with invar and steel tapes, and also the pro- 
portional part each discrepancy the whole base. 


TABLE 
Base. Invar minus steel. Proportional discrepancy. 
mm. 
+ 40.8 295 000 


These differences are large when compared with the probable errors 
the bases, but when compared with other instances where two forms 
apparatus have been used the measurement base they are 
very gratifying. discrepancy 100000 more between the 
lengths base obtained with two forms apparatus the rule 
rather than the exception. the measures 1900, the duplex ap- 
paratus gave results differing from those the tapes 175 000, 
average, which three times the average discrepancy between 
the measures with the invar and steel tapes, and nearly twice the 
greatest difference. 

The fact that the sign the discrepancy between the measures 
with the invar and steel tapes the same all the bases, except one, 
seems indicate constant difference between the two sets tapes. 
This one exception probably due the fact that part the measures 
with steel tapes were made the rain, thus causing result suffi- 
ciently abnormal warrant its rejection from this consideration. 
the average discrepancy considered due errors temperature, 
would require constant error the measures with invar tapes, 
0.17° the measures with steel tapes, account for it. The tem- 
perature for the invar tapes may error degree, even little 
more, but they are certainly not error the extent degrees. 
error 0.1°, more, determining the temperature the steel 


tapes, however, either the standardization the measures, 
both, not only possible, but probable. 
Part these discrepancies may due the wind effect the 
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tapes. Owing the twisting the invar tapes, they present little 
the flat surface the wind, thus making them more sensitive 
breezes than the steel tapes. careful inspection the various 
measures, with view finding some effect this character, failed 
develop anything, the other errors were large enough cause 
these small errors disappear the separate sections. 

Discussion results measurements with tapes and 
the discussion their principal errors have been fully treated 
Appendix the Coast and Geodetic Survey Report for 1892, that 
unnecessary consider them herein. 

The effect errors due faulty alignment, both vertically and 
horizontally, have been eliminated, previously mentioned, particu- 
larly they are, some extent, compensating character. 

The errors caused faulty tension, although small and partly com- 
pensating, are not completely may desirable. The working 
balance was usually compared with the two standard balances just be- 
fore beginning day’s measure and after its completion, particularly 
any change were suspected, the balance had received unusual 
handling. was also frequently suspended its own hook and its 
reading noted see whether the hand had shifted its pivot, espe- 
cially after had received sudden jerk from any 

change the working balance (one the smallest 
divisions the dial) was noted occasionally, but correction was 
applied the results for such small errors. They were more less 
compensating, and their effect very small. Observations made upon 
two invar tapes determine the effect small changes from the 
15-kg. tension gave 0.04 mm. the effect for tape length, 0.8 mm. 
per km. for change tension. The effect upon the steel 
tapes was considerably less, because they have less mass per unit 
length and, therefore, less sag under given tension. 

During the work standardization, the true 15-kg. tension was 
held very closely, but the field measures was impossible hold 
within every time. Errors from this source were the com- 
pensating class, however, and their effect the total length base 
was probably small. 

Errors marking tape lengths are also compensating great 
extent. The graduation mark the tape was always the seme 
plane the copper marking strip the post, and tape length was 
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marked this copper strip line drawn prolongation the 
graduation line. there were any constant parallax with either ob- 
server, was eliminated the double measure the base, the 
observers stood the same side the posts all the measures, the 
two measures always being made opposite directions. 

When preparing the base line, all posts were made solid before 
leaving them, using braces necessary accomplish this purpose. 
Care was taken prevent any one from stepping near post which 
was holding measure, hence errors caused unstable posts were 
probably negligible, being more less compensating. strain was 
placed post, except that necessary make the mark, which was 
perpendicular the base line and not likely affect the length, espe- 
cially the force required was small. 

One the principal sources error with the steel tapes the 
determination the actual temperature the tape the 
the measure. When the work progressing rapidly, the tape moved 
through the air height above the ground two three times 
great when position for the measure. The time spent 
moving from post post greater than that necessary make the 
measure, hence the tape and thermometers are subject the tempera- 
ture the air the height the moyement more than the height 
the measure. The temperature near the ground frequently quite 
different from that the air, hence the temperature acquired during 
the movement not that the measure. The tape probably assumes 
the temperature its position much more quickly than the thermom- 
eters, consequently the thermometers fail give the actual tempera- 
ture the tape the instant measure. The fact that the thermom- 
eter did not give the temperature the air the position the 
measure was frequently noticeable when delay was necessary, as, for 
example, measure set-up. The thermometer would read practi- 
cally the same while the work was progressing without interruption, 
but would jump few tenths degree every time delay occurred, 
and then return the original reading soon the regular move- 
ment was resumed. Errors this class were more prominent with 
the steel measures night than with the invar work daylight. The 
temperatures were much more irregular during the day work, course, 
but the change during any delay was rarely greater than the usual 
changes when the work progressed without interruption. any case, 
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was much less than twenty-eight (the ratio the coefficients ex- 
pansion the two metals) times the temperature differences obtained 
with the steel tapes. 

total cost the measurement these six base lines 
was approximately which the rate $116 per km. This 
includes the cost standardization, both the field and the Bureau 
Standards, all expenses travel and transportation for party and 
outfit, cost computations, and preparation results for publication. 

invar tapes only had been used these measures, the field 
standardization would have been unnecessary, thereby reducing the 
cost very materially, probably less than $100 per km. 

The cost the preparation the last three bases was $24 per km. 
The various operations the other bases were interwoven that the 
cost the different parts cannot separated. 

Advantages Invar principal advantages invar 
tapes over steel tapes, developed from this season’s work, may 
summed follows: 

Invar tapes may standardized the Bureau Standards in- 
stead the field, thus effecting very material saving both time 
and money. 

The measures with invar tapes may made daylight instead 
night, required with steel tapes, thus increasing the speed and 
accuracy the work and further reducing the cost. One objection 
the use the tapes night that the moisture from the at- 
mosphere condenses ‘upon the tape and thermometer, increasing the 
weight the former and causing the latter give temperatures which 
are not accurate could desired. Although errors from this 
latter source were very noticeable parts the measures they were 
never large enough warrant re-measure delay the work. 

Owing the very small coefficient expansion the invar tapes, 
the effect errors the determination the temperatures the 
tapes much less for the invar tapes than for the steel tapes, even 
though the former are used during the day and the latter night. 

The invar tapes require little more care their manipulation 
than the steel tapes, order not bend them radius less than 
about in. They are little more sensitive wind effect than the 
steel tapes, the flat surface frequently twisted considerably from 
the horizontal plane when use. 
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already stated, steel tapes, when used night and standardized 
the field under conditions similar those obtained the measure, 
give results the same order accuracy bar apparatus, and with 
about one-third the cost. The results obtained these six base 
lines show that invar tapes give much more accurate results than 
steel tapes, and are also more economical. Consequently may 
stated that, the iced-bar apparatus excepted, the use which 
too expensive for the measurement base lines, the invar tape the 
most economical and accurate apparatus for the measurement 
primary 


* A more detailed account of this work will be published in the Coast and Geodetic 
Survey Report for 1907, which may be obtained about January Ist, 1908, by those interested , 
on request to the Superintendent of the Coast and Geodetic Surv ey, Washington, D. C. 
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DISCUSSION. 


count the progress made the use steel tapes geodetic work 
interesting and valuable. The old-time methods using bars 
rods for the measurement base lines were both laborious and ex- 
pensive, and, consequence, the intervals between such lines 
system triangulation were entirely too long. 

Professor Woodward’s paper long steel tapes, and the discus- 
sion thereon,* gave account the use steel tapes connection 
with the triangulation work the Coast Survey. 

The official reports the Mississippi and Missouri River Commis- 
sions, earlier date several years, gave accounts the steel-tape 
work their respective surveys, which included high-grade triangu- 
lation, where the length the triangle sides and the closure required 
were such compare favorably with so-called primary work. 

August, 1880, the writer made use steel tape the 
measurement base line 6663 ft. long, opposite Grafton, 
connection with the triangulation that vicinity, and, although the 
equipment was deficient many respects, the results obtained were 
such establish practically the use the steel tape the ex- 
tensive triangulation work which followed, from the mouth the 
Ohio the headwaters the Mississippi. 

The writer believes this the first use the steel tape re- 
fined work, least the United States. 

The methods manipulation the field were modified and im- 
proved, the interest both economy and accuracy, experience 
developed the defects. 

Mr. Wheeler, the Missouri River Commission, entitled 
the introducing accurate tension adjuster, which 
described the Annual Report that Commission for 1886. 

The use metal strips which mark the graduated extremi- 
ties the successive tape lengths was also developed the river sur- 
veys. This was very important step, virtually permitted the 
graphical results each tape length transferred from the field 
the office, where the discussion could taken leisure. 

Mr. Marshall, connection with the survey the Red River, 
made number improvements, among which was the use two 
tapes different metals one and the same time. 

The greatest source error the use the steel tape lies 
failure secure its temperature, much more sensitive 
changes than the thermometer used connection therewith. The 
writer had mind method diminishing the difference between 


Transactions, Am. Soc. Vol. XXX. pp. 81-107 and 638-652. 
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the two, the construction thermometer with elongated 
bulb the same material the tape, and perhaps extending the 
metal along the back the glass scale tube. The invar tape, ap- 
parently, eliminates much the objection the steel tape incident 
changes temperature. 

the Mississippi River triangulation, the measurement base 
lines became easy that the general practice called for base line 
intervals about triangles. That say, the instrumental 
errors centering both instrument.and target, and errors point- 
ing, were larger than the errors base measurement, hence such 
errors were largely localized the use frequent bases. 

the writer’s opinion, each tape should standardized 
measuring primary base the length which has been determined 
Repsold other refined base-measuring apparatus. The measur- 
ing should done under conditions and methods identical with 
those used the measurement new base, preference 
relying laboratory determination the length the tape. 

Table gives some results base-line measurements with steel 
tapes the Mississippi River Triangulation. The measurements were 
generally made the morning, before sunrise, when changes 
temperature were not very rapid. The lengths are given round 
numbers, omitting the decimals. 


TABLE Resutts MEASUREMENTS WITH STEEL 
THE River TRIANGULATION. 


Length base line, feet. Discrepancy between suc- 
measurements. 


Location. 
| 


18 066 | lin 759000 
Rapid City............... 624 594 917 
Dubuque. .......... 346 965 
7091 266 412 
Prairie du Chien........... 5 312 265 000 
5 223 396 000 
Fort Snelling............ 5 400 517 000 

5 400 7 438 400 

4 798 ed 1 304 000 


The method handling the tape shown the photographs 
Plate Single measurements lines mile long have been made 
min. the lines cited, effort was made secure very 
high degree accuracy, but simply keep within the limit dis- 
crepancy between two measurements, 250000, prescribed. 
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PLATE 
TRANS. AM. SOC. CIV. ENGRS. 
VOL. LX, No. 1069. 
OCKERSON 
STEEL TAPES. 


Fic. 1.—MEASURING Fort SNELLING Base LINE WitH 300-FT. Steet Tare, 
Rear Enp or TAPE. 


Fie. 2.—Fronr oF Tape, Fort SNELLING Base Line, SHowinG TENSION DEVICE. 
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Horace Am. Soc. (by engineer- 
ing profession indebted Mr. French for his clear and useful 
exposition the practical adaptability invar field use. 

There would seem little left desired base-measuring 
apparatus, now that temperature corrections are well eliminated. 
The history base measurement has been one constant struggle 
against the uncertainty temperature corrections. present, the 
use iced bars, steel tapes, and night work, enables high precision 
attained, together with speed and economy passing all former 
experiences. further and most important advance, 
economical standpoint, now assured through the use this wonder- 
ful alloy. 

Previous the six base lines referred Mr. French, some 
base lines primary importance had been measured the United 
States. The three earliest, one 1834 and two 1844, measured 
with the Hassler apparatus, had average probable error 000" 
Between 1847 and 1873, seven bases were measured the Coast Sur- 
vey, with the Bache-Wiirdemann apparatus, average probable 
being indicated. Similar apparatus used the 
United States Lake Survey, from 1870 1875, gave the average 


probable error five bases The Repsold apparatus then 


730 000° 
came into use the Lake Survey, three bases being measured, with 


average probable error only 000° The United States Coast 


and Geodetic Survey, after 1873, measured eight bases with various 
apparatus. Two these, measured 1891-92 with the iced bar and 
steel tape, showed excellent results. The average probable error 


these eight bases was Then came the phenomenal achieve- 


857 000° 
ment 1900, when the United States Coast and Survey, 
having commissioned one field party measure nine bases work- 


ing season, the aim being secure precision about 500 
” 


obtained, not only unprecedented economy time and money, but 


average probable error only 1150 This success was due 


the use the iced bar and steel tapes, mentioned Mr. French; 
the advantages invar are those pointed out him, and are irre- 
spective the higher precision which was incidentally obtained. 
Obviously, invar will admirable material for precision level- 
ing-rods. Its use for pendulum rods was one the first suggested. 
pendulum, supported iron rod, will change its rate about 


Mr. Andrews. 
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min. week, subjected change temperature 30° fahr., 
but, with invar having the coefficient given the author, the change 

would interesting know the exact proportions nickel 
and steel entering into the composition the invar tapes. In. view 
the fact that the coefficient expansion given Table only 
one-half that found Guillaume’s 36% nickel alloy, would seem 
that some change must have been made the proportions, and the 
definite nickel-steel alloy; present, there are two “invar” alloys, 
one which has only half the invariability the other. 

Engineering measurements general must made under all con- 
ditions temperature, and will great advantage inde- 
pendent temperature corrections. The writer has found very 
advisable keep temperature notes for important steel-tape measure- 
ments, and correct, under the rule 0.01 ft. 100 ft., for each 
15° fahr. the surveys for the Boston Back Bay tract, has been 
stated that brass tapes were used, and with the correction 0.01 ft. 
100 ft. for 10° fahr. change temperature. With invar, the cor- 
rection would appear 0.001 ft. 100 ft. for each 44° fahr., 
that temperature corrections would general negligible. 


Assoc. Am. Soc. E.—The low coefficient 
expansion invar makes most desirable material for tape, 
and the results given the paper show that has proved very satis- 
factory for base-line measurements. 

could used advantage for measuring base lines for city 
bridge triangulations, wherever great accuracy required base- 
line work. However, there seem serious objections the use 
the invar tape for ordinary city surveying, even though its low co- 
efficient expansion would practically eliminate temperature correc- 
tions. more easily bent and less elastic than steel, and, accord- 
ing the makers, requires reel in. diameter. Thus great 
must taken handling it, and would need retested 
every time someone happened run into while measurement was 
being made case was stepped on, either which may easily 
happen ordinary street surveying. 

question whether surveying needs done more accurately 
than the holding the points established the survey. When street 
corners are marked stone monuments placed near the surface 
the sidewalk, there possible movement due frosts and ex- 
cavations for building and street construction purposes. the invar 
tape should developed more easily handled and then 
come into use for city surveying, greater degree would 
obtained; but, secure the benefits this, the points established 
would have marked stone concrete monuments either be- 
low extending below the frost line. 
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that, his opinion: 


tape should standardized measuring primary base 
the length which has been determined Repsold other refined 
base-measuring apparatus.” 

And that: 


“The measuring should done under conditions and methods 
identical with those used the measurement new base, 
preference relying laboratory determination the length 
the tape.” 

The writer agrees fully with Mr. Ockerson, when ordinary bars 
tapes with coefficients expansion ordinary magnitude are used. 
The Coast and Geodetic Survey has practically done just what 
recommends. too expensive, course, use the iced-bar ap- 
paratus for the measurement whole base, but the same thing 
accomplished when one measures fraction the base (or com- 
parator alongside it), was done both the 1900 and the 1906 
work for the standardization the duplex bars and steel tapes. 

believed that the errors due laboratory standardization are 
mostly owing temperature irregularities, the difference 
temperature effects between the work the laboratory and that the 
field. this the case, then one should able secure satisfactory 
laboratory standardization for tapes having small coefficients ex- 
pansion, such those possessed invar tapes. The results the 
measurements 1906, where all the bases were measured with both 
steel tapes and invar tapes, the former being standardized the field 
under conditions nearly possible like those obtained the base 
measures, and the latter having only laboratory standardization, 
demonstrate, seems the writer, completely necessary that the 
laboratory standardization the invar tapes certainly good 
the field standardization the steel tapes, and that when the. field 
work the two kinds tapes compared must acknowledged 
that the results with the invar tapes are superior those with the 
steel tapes, notwithstanding the fact that the former were used any 
hour during daylight and the latter only night. 

answer Mr. Andrews’ desire for definite alloy known 
may stated that such alloy, which will have in- 
variable coefficient expansion, probably not practicable pres- 
ent. very small change the proportions the two metals causes 
material change the coefficient expansion the resulting alloy. 
The fact, too, that one combination has coefficient which double 
that another slight consequence when the smallness these 
considered. Only extended measures very high 
precision would necessary consider the coefficient expansion 
all, and then, naturally, should determined accurately for the 
particular tape used. 

The use the invar tape whenever can cared for easily 
certainly preferable accurate measurements are desired. 
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TRANSACTIONS. 


Paper No. 1070. 
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The writer would not have deemed this paper sufficient interest 
present the Society were not for the fact that Prescott Fol- 
well, Am. Soc. E., recent book* states that: 


“Professor Talbot gives formula maximum rates 


1 
the eastern part the country which agrees quite 


closely with Plate IV, South Atlantic States, min., but gives 
too small values for longer periods.” 


The curve Plate IV, page 125, that book, shows “Rates 
Rainfall Storms the Second Class”; and, from the discussion the 
bottom page 56, inferred that “Storms the Second Class” 
are those that give certain rate rainfall approximately five times 
ten years, which equivalent once two years. Now, Sa- 
vannah about the center the territory named, this curve should 
apply that city. The writer, therefore, compared with some data 
had worked out 1896, while was Assistant City Engineer 
Savannah, and, finding that did not agree with the results obtained 
that time, obtained from the United States Weather Bureau the 
data relating all storms occurring during the years 1889 1906, 
inclusive, recorded the automatic rain gauge Savannah, which 
gave precipitation equal greater than 0.25 in. min. 


0.75 in. hour. These data have been put into the shape here pre- 
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sented, the hope that they may found useful others engaged 
drainage works. 

Referring the quotations given above, seems the writer 
that such expressions “in the eastern part the country,” and 
“South Atlantic and Gulf States” are entirely too comprehensive 
their scope, and that will found that single formula even 
approximately correct for such large area that indicated; there- 
fore, promulgating such formulas, should distinctly stated from 
what data and locality they were deduced, well the method 
deduction. 

The following the method treating the data used the 
writer: received from the United States Weather Bureau, the 
data were the form accumulated amounts precipitation for 
éach min. that the storm lasted; sample case being that the storm 
December 8th, 1890, which here reproduced: 


| 
Accumulated precipitation..... 0.20 0.32 0.50 0.95 1.08 


Now, evident that the natural course this storm presents 
rates precipitation follows: 


| | 


Rate, in inches per hour........ 2.40 

The greatest rate precipitation 2.40 in. per hour for the space 
min. has seemed the writer, however, that the main con- 
sideration not the rates fall given the natural course the 
storm, but the maximum rates for the different durations; therefore, 
the storm data have been rearranged exhibit this maximum, 
follows: 


| 

Precipitation each min..... 0.20 0.12 0.18 0.20 0.08 
Maximum accumulated precip- | 

Maximum rate precipitation. 2.70 2.52 2.23 


| 
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or 

4 


The line marked “Precipitation each min.” obtained 
putting the 5-min. column the given accumulation for that period, 
then subtracting the given 5-min. accumulation ftom the given 10-min. 
accumulation and putting the result the 10-min. column, and 
on. The amounts the Jine marked “Maximum accumulated pre- 
cipitation” are: for min., the amount precipitated during the 
period between and min.; for min., the precipitation during the 
period between and min.; for min., the precipitation during 
the period between and min.; and on, selecting each case 
the period, any part the storm, that gives the maximum precipi- 
tation for that period. this manner, 162 storms were examined, 
being all that were reported the United States Weather Bureau, 
for the years, and the intensity, given. Table shows the result 
this investigation. 

Two other points should explained, reference the table: 
First, tabulating the results any storm which gave greater rate 
precipitation for longer period than for shorter one, the greater 
rate was tabulated for the shorter well for the longer period. 
For instance, the storm December 8th, 1890, will seen that 
the maximum rate for min. was 2.25 in., while the maximum rate 
for min. was 2.28 in. The rate has been tabulated 2.28 in. 
both the general grounds that rained the rate 
2.28 in. for min., reasonable say that rained equal 
rate for less time. 

The other point is, that all storms have been extended, from the 
point their ending the limit time which the investigation 
was carried (100 min.). This extension was made the ground that 
storm gave, say, 0.5 in. precipitation min. and then 
stopped, the effect drainage area which the time accumulation 
the outlet was more than min. would certainly not less than 
the same storm had precipitated 0.5 in. the accumulation time 
the area, whether were 100 min.; and the probability that 
would greater. Table therefore, the extended rates have been 
the total accumulated amounts though they had been 
precipitated the extended times. order that these extended rates 
may distinguished from the actual rates, they have been printed 

Plate XXX have been plotted about one hundred the highest 


Rate Precipitation, Inches per Hour 


Values 


MAXIMUM RAINFALL 


NOTE:- 


SAVANNAH, GA. 


COMPILED FROM THE RECORDS 


THE U.S.WEATHER BUREAU 


FOR THE YEARS 


1889 1906 


The plottings lines that are multiples 
minutes indicate the intensity the storms. 
The number the plottings each horizon- 
tal line showing the number storms, that 


intensity, that occurred that 5-minute interval. 


Storms 


40 45 
Values 


55 60 65 
Duration, Minutes 


tor: 


Storms Occurring ti 
Ovcarring 5 ti 
| 
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90 95 100 
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for each 5-min. period, taken from the maximum 
value, and from there counting downward 18, 36, 54, 72, and 90, the 
plottings have been made larger than the others. the number 
years examined 18, these large plottings indicate the rates maxi- 
mum storms and those occurring average once two years, 
and one, two, three, four, and five times each year. Through these 
points have been passed, with more less success, regular curves, the 
equations for which are noted the right Plate XXX. 

The following comparison Professor Talbot’s “Maximum curve 
for the eastern part the country,” with the maximum curve for 
Savannah, Ga., deduced the writer, interest: 


105 on 
R= 5.25 
191 7 ¢ 
Savannah ...... | 


The comparison Folwell’s 


for the South Atlantic and Gulf States,” with the corresponding 


6.59 5.62 4.90 4.34 
| | 


curve for “Storms the second class 


for storms occurring once two years, found for Savannah 
also made, that the differences can readily seen: 


Folwell 

163 

2.11 
2.44 


Folwell gives formula for his curve, the evaluation was made 
from the curve shown page 125 the book previously quoted. 


2.68 2.44 2.26 


Pe. 


3 
=——— 
| 
| 
f 
2 j | 
ian ee | | | | | | 
| 
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No. of 


1891. 
1891. 
1891. 


1891. 


1891. 


1891. 
1891. 
1891. 
1891. 


1892. 


1392. 


1892. 


1892. 
1892. 
1893. 


1893. 


1893. 
1893. 


1893. 


1893. 
1893. 


1893. 
1893. 
1893. 


1894. 
1894. 
1894. 


al 


3.60 
3.00 
3.00 


2.64 


6.00 


Duration of Periods, in Minutes. 


35 


3.18 
0.7 
1.91 


1.94 
0.82 
0.87 


1.74 


2.11 
2.53 


1.95 


1.39 
82 


1.08 


0.87 
9.36 
0.38 


0.98 
0.98 
1.60 


1.00 


0.50 
0.22 
1.4 


| 
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TABLE 1.—RATE RAINFALL SAVANNAH, GEORGIA (IN INCHES PER HOUR), RECORDED THE 
AUTOMATIC RAIN GAUGE THE BUREAU, FOR ALL STORMS WHICH THE PRECIPI- 
TATION AMOUNTED 0.25 IN. ANY MIN., 0.75 IN. THE 1889 
1906, INCLUSIVE, 

Nore: The figures italics show the extended rates, after the storm had stopped. 


ad 


Duration of Periods, in Minutes. 


x 1 June =. 27. 1889. 3.96 3.84 2.84 2.43 2.09 1.92 1.79 1.70 1.6 1.55 1.41 1.2 6.96 | 
June 2.28 2.04 1.76 1.62 1.44 1.30 1.14 1.03 0.86 0.65 

| | 

. 4 Aug. | 4.56 4.38 4.32 3.66 3.34 | 2.59 2.3% 1.71 
Aug. 4.80 4.80 2.16 1.85 1.30 1.17 0.81 
Sept. 4.20 3.99 1.90 1.63 1.03 0.71 
Sept. 1889. 3.60 3.30 2.80 1.90 1.72 1.20 1.09 
May 1890. 3.00 2.22 2.20 1.10 0.66 0.60 
<a 9 June 1890. | 3.60 8.00 2.60 1.70 1.55 1.08 0.98 0.60 0.68 
4 10 June 20,1890, | 2.40 1.74 1.60 2h 1.06 0.93 0.82 0.7h 0.67 0.62 O47 .87 
<a 11 July 1, 1890. 3.00 3.00 2.40 1.20 1.08 0.90 | 0.80 0.72 0.65 0.60 ON 0.36 
July 4.20 3.40 1.92 1.28 1.16 1.05 0.96 0.72 0.58 
3.36 2.28 1.40 1.11 1.00 0.91 0.91 0.91 0.91 0.79 
< 14 Sept. 1-2, 1890. 2.40 1.62 1.36 1.00 0.93 , 0.93 0.88 0.82 0.77 0.73 0.7 0.63 
Sept. 2.70 2.20 1.54 1.44 1.21 1.13 1.05 0.99 0.91 0.87 


16 Sept. 8, 1899. 2.28 1.44 1.08 0.77 0.77 0.67 0.60 O49 O45 0.27 
sf Sept. 11, 1890. 2.00 | 2.04 1.64 0.88 0.76 0.66 0.59 . 0.48 O04 0.26 
Sept. 1890. 2.40 2.40 1.30 1.11 0.98 0.86 0.78 0.7 0.39 


19 Sept. 15, 1890. 1.80 1.80 0.85 0 0.70 0.64 0.38 
Sept. 2.40 1.80 0.31 0.19 
Sept. 1890. 2.64 2.40 1.93 1.61 1.40 1.02 


Oct. 22, 1890. 4.20 1.73 1.34 1.10 1.01 0.61 
Dee 1890. 3.00 1.77 1.12 1.03 0.62 
May 27, 1891. 4.20 2.12 1.01 0.88 0.78 0 0.th 0.59 0.35 


4 
2° 
| 
| 
| 
| | 
| 
| 
q 
| 
| 
| 
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if 


vA, 
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Date. 
July 11, 
July 22, 
Aug. 14, 


Aug. 15, 
June 13, 
June 19, 


July 5-6. 
July 12-13, 
Aug. 


Aug. 4, 
Aug. 16-17 
Aug. 16-17 
Sept. 4, 
Sept. 8, 
Mar. 28, 


July 8&9, 
Aug. 27-29. 
Sept. 17, 


May 18, 
May 23, 


June 24, 1900. 
July 29. 1900. 
Aug. 31, 1900. 
Sept. 1, 1900, 


Sept. 13, 1900. 


Oct. 2-3. 


Nov 3. 1900. 


10 


6.48 
3.00 
4.14 


3.36 
2.46 
3.18 


2.34 
oo 


1.80 


2.34 
2.04 
1.62 


3.68 
1.98 
3.06 


2.10 


1.80 


2.28 
1.68 
2.00 


2.04 


Duration of Periods, in Minutes. 
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TABLE 1.—(Continued.) 


No. of 


Storm. Date. | | 


= 


2.40 2.08 1.71 . a 1 0.93 0.85 0.64 
53 | Aug 3.60 | 8.18 2.58 2.36 2.15 | 2.00 1.80 1.64 | 1.50 1.13 
54 Mar. 1.62 1.08 | 0.81 0.5h 0.46 0.41 0.35 0.32 0.29 | 0.27 0.20 
Apr. 2.76 1.89 1.60 1,88 1.08 1.00 1.00 1.00 1.00 1.00 0.75 
May 1.90 1.68 1.38 0.92 0.79 0.69 0.61 0.55 0.50 0.46 
je 57 June .00 2.68 | 2.46 1.76 1.5 1.82 1.17 | 1.06 0.96 | 0.88 0.66 | 
BY | June 16, 1895. 2.40 2.10 2.00 1.98 1.80 1.78 1.78 1.73 1.€3 1.54 | 1.48 1.25 | 
7 June %, 1895. 2.64 2.22 2.00 2.01 14h 1.24 1.08 0.96 0.86 0.78 | 0.72 0.54 
June 2.52 2.10 1.40 0.70 0.60 0.58 0.38 0.26 
> | 
<i 61 | July 2.75 1.80 1.60 1.35 0.94 0.80 0.71 | 0.68 0.56 | 0.51 0.47 0.35 | 
n 62 July 2.64 1.74 1.36 1,32 O.9h 0.80 0.71 | 0.68 0.56 0.61 0.47 0.35 | 
4 68 | July 6.60 6.00 5.60 5.10 3.64 3.18 3.02 2.87 2 68 2.43 2.28 1.71 | 
| 
64 | July 2.88 2.58 2.48 2.46 2.26 2.11 1.89 1.69 1.54 | 1.41 1.35 1,25 1.12 
a 66 |} Aug. 3.00 2.76 1.92 1.50 1.00 0.86 0.76 0.67 | 0.60 0.56 0.50 0.388 | 0.30 
< 69 Aug. 2.00 2.04 1,92 1.62 1.39 1.22 1.07 | OW 0.88 0.81 0.61 O49 
7 Apr. 2.40 2.01 1.75 1.56 1.42 1.31 | °1,18 1.12 1.07 1.02 0.82 0.75 
71 July 3.40 3.00 2.52 2.16 1.89 1.67 1.42 1.36 | 1.2% 1.15 0.98 0.78 
72 Aug. 2.8 , 2.55 2.40 2.00 1.72 1.50 1.33 1,20 | 1.09 1.00 0.76 0.60 
73 Aug. 3.48 2.86 2.60 2.44 1.74 | 1.68 1.22 0.98 
7 Feb. 2 1.13 1.08 1.00 | 0.78 | 0.76 0.68 0 
5 Mar. 4 1.39 1.16 0.99 | 0.68 0.58 | O43 0 
76 Apr. 0.62 0.52 0.46 0.28 | 0.26 0.20 0.16 
V7 June 2.66 2.42 2.30 1.72 1.60 1.20 OK 
78 July 1.51 1.48 1.55 1.09 1.00 0.76 0.60 
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Duration of Periods, in Minutes. 


5 0 | 6 20 =| 8% | 4 45 50 55 60 80 100 
| | | 
134 July 28-29.19%4. | 3.72 3.36 3.16 2.37 ; | O47 
July 28-29, 1904. 3.96 2.88 1.70 
n July 28-29,1904. | 3.60 3.54 | 8.44 | 3.2 2.04 1.69 | 
<4 Aug. 3, 1904. 4.32 3.78 3.08 | 2.3 1.02 OS; | 
« 139 Aug. 22,1904. | 2.70 | 2.48 2.16 1.38 1.13 | 
140 Sept. 1.98 1.92 1.92 0.95 
< 141 May 7, 1905. | 3.48 | 2.72 2.64 2.14 1.9 | 
Zz | | 
142 May 1905 2.76 1.80 1.20 0.72 0.60 0.36 0.83 0.80 0.93 0.18 
< 143 July 12 3.00 2.44 1.38 1.7 1.44 0.86 | 0.78 0.72 0.54 | O48 
Fal 146 July 25. 1905 2.64 1.50 | 1.00 0.90 | 0,82 0.7 | O46 Z 
| 
=| 148 Aug. 12, 1905. 4.92 1.06 0.91 0.80 | 0.70 0.61 0. 0.39 | 0.81 
=< i49 Aug. 18, 1905. 4.68 1.30 1.11 0.97 0.86 0.78 | O71 | 0.66 OAD | 0.39 
+ 150 Sept. 13,1905, | 2.00 1.72 1.50 | 1.33 1.20 1.09 ' 1.00 0.75 0.60 
yA 
fon) Oct. 4, 1905. | 1.87 1.66 1.42 1.00 0.90 0.83 0.62 0.50 
Oct. 26, 1905. | 1.32 1,22 1.04 0.73 0.66 0.61 O46 0.387 
Apr. 14, 1906. 4.32 2.18 1.82 1.09 0.99 0.68 0.55 
June 27, 1906. 2.16 0.84 0.70 0.60 O42 0.38 0.26 0.2 
1906. 1.62 1.05 0.70 0.60 O42 0.38 0.26 0.2 
July 1906, 2. 2.44 1.95 | 1.30 1.11 0.7 0.49 0.39 
Aug. 1906. 2.16 1.6 1.23 0.82 0.71 O4 0.3 0.24 
Aug. 1906, 2.46 2.04 1.98 1,66 1.42 0.0 0.83 0.62 0.50 
160 Aug. 28, 1906. 3.12 2.58 2.2 1,7 1.48 1.27 0.89 0.7 0.56 
161 Sept. 5, 1906. 2.64 1.62 1,36 1.42 1.26 1.08 0.76 0.63 ON? 
162 1906. 2.64 1.80 0.86 0.72 0.62 0.36 
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Duration of Periods, in Minutes. 


No. 
5 10 15 | @ 2 30 25 40 5 50 | 55 60 | 80 | 100 
106 June 17. 1901. 3.60 3.44 | 2.76 2.21 1.86 1 1.62 1.55 | 1.47 1.40 
107 July 8, 1901. 3.96 3.18 2.01 | 1.92 1.58 1 1,22 1.10 | 1.00 | 0.92 
110 Apl. 30, 1902. 1.80 1.44 1.44 1.86 |' 1.386 | 1.36 1.24 1.1 | 1.7 
ei lll May 19, 1902. 2.2 1.65 | 1.34 1.14 1.00 | 0.90 0.86 0.86 | 0.72 
7 112 July 11-12, 1902. | 5.88 3 3.66 3.29 3.19 3.19 3.02 2.85 2.71 2.58 | 2.42 
Zz, 113 July 13,1972. | 3.36 2 2.94 2.71 2.46 2.36 2.15 1.92 1.82 1.71 | 1.61 
114 3.48 2.12 1.86 1.36 1.16 1.02 0.90 0.82 0.68 
115 1902. 1.80 1,48 1.38 1.30 1.18 1.07 0.95 0.82 0.68 
: 2 116 Aug. 11, 1902. | 2.76 2.04 1.89 1.7 1.64 1.53 | 1.52 1.43 1.42 | 1.36 1.30 
: ro 117 Aug 28,1902. | 1.92 1.68 1.50 1.39 1.34 1.31 1,26 1,25 1.25 | 1.25 1,24 
| 
118 Sept. 1902. 2.88 2.64 2.40 2.04 1.76 1.55 1.20 1.08 0.98 0.90 
: 4 119 Dec. 3-4, 1902. 3.84 1.96 1.86 1,73 1.70 1.62 1. 1.46 | 1,32 | 1.20 1.10 
a 120 June 4, 1908. 8.12 2.40 2.01 1.63 1,36 1.16 1. 0.90 0.82 | 0.74 0.68 
122 1908. 2.64 2.00 1.86 1.58 1.39 1,25 1.10 1.00 0.90 0.62 0.50 
P| 123 June —_—-18, 1908. 2.40 1.64 1.32 | 1.20 1,20 1.10 1 0.89 | 0.80 | 0.73 0.67 0.50 0.40 
124 July 9, 1903. 3.72 3.40 3.30 | 3.00 2.78 | 2.63 2. 2.24 2.15 | 2.00 | 1.91 1.58 1.46 
125 July 22, 190%. 2.16 1.96 1.80 | 1.61 1.40 | 1.20 1. 0.93 0.84 | 0.76 | 0.70 0.58 | Ose 
126 Aug. 15, 1908. 4.44 3.00 | 2.28 1.85 1.68 | 1.6 1 1.68 1.68 1 | 1.49 1.26 | 1,01 
128 Sept. 1903. 6.72 4.80 4.82 3.91 3.56 
129 Oct. 16-17, 1998. | 2.76 2.00 2.07 | 1.85 1.78 | 1,58 1.18 0,58 
130 | Nov. 4. 1908. 2.76 2.58 2.16 | 1.68 | 1.39 1.16 0,99 0.87 | 0.77 0.85 
June 10, 1904. 2.52 2.34 2.16 1.95 | 1.82 1.64 1.46 1.26 1.13 O68 
132 July 10, 1904. 2.28 2.28 2.28 2.25 2.18 2.04 1.79 1.50 0.77 
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MOVABLE BRIDGES.* 


The subject this paper review the mechanical features 
movable bridges, and set specifications covering their operat- 
ing machinery kinetic parts, which the writer respectfully sub- 
mits for discussion and criticism. The specifications contain the 
writer’s views construction and workmanship, also the prin- 
ciples has followed for his own guide and practice designing 
movable bridges. his knowledge, specifications this kind 
have been published, the present time. hopes that this 
paper will bring out full discussion from those who have had ex- 
perience with movable bridges and other mechanical work covered 
his specifications. 

movable bridge one which may turned drawn one 
side, lifted up, let down, permit vessels pass the 
stream which spans, 

Movable bridges may classified follows: 

1.—Swing bridges, turning about vertical axis; 
bridges, turning about horizontal axis, roll- 
ing back circular segment; 
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3.—Traversing retractile bridges, moving horizontally; 

4.—Lift bridges, lifting vertically; 

5.—Transporter ferry bridges, consisting fixed span 
with suspended traveler. 


belonging the movable bridges, may also mentioned the 
pontoon floating swing bridge. hardly likely that this 
type bridge will much used America, will not con- 
sidered this paper. 


The swing bridge consists the superstructure attached and 
turning around pivot, and provided with some means whereby, 
when closed, the deflection the girders may taken out and the 
ends supported the proper level. The pivot may the center 
the span, forming truss two equal arms which balance each 
other and give two openings for navigation; may one 
side the center, forming truss with unequal arms, which 
case the short arm counterweighted balance the bridge about 
its pivot. They may single double; the latter case, they will 
have provided with locking arrangement the center where 
the arms meet, while the shore ends will have held down 
anchored the masonry when the bridge closed, acting canti- 
levers. Swing bridges are divided into three classes: Center-bear- 
ing, rim-bearing, and combination the two. 

The Center-Bearing bridge, while swinging, 
carried entirely the center pivot. The trailing wheels, which 
roll track near the outer edge the pier, are not assumed 
carry any load, but are used balance the bridge and insure lat- 
eral stability while swinging. short, light, highway spans the 
portion the live load which comes the center when the bridge 
closed sometimes also carried the pivot. more important 
highway bridges, and all railroad bridges, however built the 
present time, the live load the center carried wedges 
other independent supports the pivot pier. some cases center- 
bearing bridges small spans are supported and balanced the 
center pivot while swinging—dispensing with balance wheels. They 
are generally lifted bodily the center pressure 
clear the end bearings. 
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The Rim-Bearing bridge, while swinging, car- 
ried circular girder drum concentric ring conical 
rollers which roll corresponding roller path track; the 
pivot receives load. The rollers also carry the live load the 
pivot pier when the bridge closed. 

The less important types swing bridges are: The shear-pole 
draw and the jack-knife draw. 

The Shear-Pole Draw.—This bridge has only one leaf turning 
around pivot one end; the other end, while swinging, sus- 
pended from the top two-legged shear-pole rods which are 
attached pivot which vertically the same line the pivot 
below. The shear-pole stayed guy rods from the shore end. 
When the bridge closed forms simple span supported both 
ends. 

The Jack-Knife Folding Draw.—This bridge differs from the 
shear-pole draw that consists two more separate trusses 
girders, each girder swinging horizontally around its own pivot 
one end. The other end, while swinging, suspended from 
frame tower rods attached pivots top the frame. The 
rails are fastened the top each girder; there are ties. The 
girders are connected with hinged links, and fold close each 
other when the bridge fully opened. When the bridge closed, 
one end each girder rests the shoe the abutment, while the 
other end rests the pivot. This type bridge can only used 
for railroad traffic. 

This type has been productive greater variety designs 
than any other kind movable bridge. Some are designed ro- 
tate about trunnions one end, the other end being lifted hoist- 
ing ropes from tower; some are turned gearing segment; 
some roll back circular segments, and others have 
motion turning and rolling. Nearly all the mechanical motions 
and devices have been used designing operating mechanisms and 
machinery for bascule bridges. The various patented designs of- 
fered are numerous and such variety preclude their men- 
tion. Bascule bridges are made one leaf, two leaves which 
meet the center. The two-leaf bridges have locking device 
the ends, and are arranged act cantilevers when closed, and 
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sometimes three-hinged arches. All bascule bridges are counter- 
weighted reduce the power required for operation. Some very 
ingenious arrangements counterweighting have been devised 
balance the weight the span all stages and positions during 
and closing. The writer hopes that those who have meri- 
torious designs offer will submit them and point out their ad- 
the discussion this paper. 


RETRACTILE 


Traversing retractile bridges consist simple span across 
opening, extended some distance one side over the abutment. 
This portion supported wheels, and counterweighted, the 
overhanging portion acting cantilever when the bridge mov- 
ing, and resting the opposite abutment when closed. Traversing 
bridges are constructed capable being rolled hori- 
zontally backward the direction the center line, trans- 
versely the center line the bridge. the latter case the 
bridge generally crosses the opening skew. some cases the 
bridge rolls transversely upon its carriage until has passed and 
cleared the track, and then rolls backward clear the waterway. 


4.—Lirt 


lift bridge consists simple span resting abutments 
when closed. the ends the girders are attached ropes 
chains which pass over sheaves top frame each end the 
bridge, which the vertical motion accomplished. They are 
counterbalanced reduce the power required for lifting. 


5.—TRANSPORTER 


This type consists elevated fixed span supported towers 
each side the stream. From this fixed span suspended 
platform car which travels across the opening and thus conveys 
the traffic from shore shore. The elevation the fixed span 
such clear navigation. The first bridges this kind were 
the suspension type, with car suspended wire rope. The only 
example this type America the ferry bridge across the ship 
eanal Duluth, Minn., about 390 ft. clear span. For the fixed 
span, riveted steel trusses are used, and the car traveler suspen- 
sion substantial riveted construction. 
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SELECTION 


impossible lay down any hard and fast rule which 
kind bridge best adapted for certain location and under cer- 
tain conditions; there are many factors entering into the prob- 
lem that even the experienced designer often loss decide 
the proper kind structure. 

The writer, his own practice, has always observed the follow- 
ing fundamental principles selecting design for any kind 
movable bridge: 


1.—When the bridge closed, and ready carry traffic, 
should nearly possible fixed span, comply- 
ing with the requirements good practice for per- 
manent structure. 

2.—The operating machinery should designed that the 
bridge can easily handled and operated while mov- 
ing. The most simple design which gives the least 
frictional resistance, and also the least first cost and 
cost subsequent operation and maintenance, should 
receive the preference. 

3.—The structural and machinery parts the bridge should 
separate and distinct. That is, when the bridge 
closed, acting fixed span, the machinery parts 
should receive strain; and only when the bridge 
moving should the machinery parts service. 


When there are restricting conditions, swing bridge 
generally the most satisfactory. best adapted for long spans; 
and, for spanning two equal openings, the most economical and 
simple any. Swing bridges have been built for single- and 
double-track railroad structures 520 ft. span, and for four- 
track structures 390 ft. span, and may used for spans 
much greater length. there are other restricting conditions, 
swing bridge with equal arms should selected. the condi- 
tions are such that the pivot pier has located near the 
shore, with limited room back the shore end, bridge unequal 
arms will best adapted, provided space available for swinging 
the bridge. 

stated before, the usual types are center-bearing and rim- 
bearing swing bridges. The center-bearing type, designed accord- 
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ance with good modern practice, offers more advantages than the 
rim-bearing type, and should always receive the first consideration 
determining upon design. requires less power turn, has 
smaller number moving parts, less expensive construct and 
maintain, requires less accurate construction than the rim-bearing 
bridge, and does not easily get out order. The structural and 
the operating machinery parts are entirely separate, and when 
the bridge closed forms either two independent fixed spans, 
fixed span, continuous over two openings, resting firm, substan- 
tial supports. There are ambiguities the calculations ref- 
erence the distribution the load, and the distance required 
from base rail masonry generally less than that required for 
rim-bearing bridge with proper distribution the load over the 
drum, Any irregular settlement the masonry does not materially 
affect its operation. 

the other hand, the rim-bearing bridge requires circular 
girder drum difficult and expensive construction, ring 
accurately-turned rollers, and circular tracks, which require great 
care their construction and delicate adjustment their erection 
order make the bridge operate satisfactorily. Repairs are 
troublesome and expensive, and any irregular settlement the 
masonry will throw the whole turning apparatus out order. 

The only limit the center-bearing type generally the width 
the bridge. the entire weight the bridge while swinging 
carried the cross-girders the center pivot, these girders—if 
the width excessive—may become long, and the weight they 
have carry great, make their construction impracticable. 
Center-bearing bridges are adapted for single-track structures 
any span, and for double-track they have proven satisfactory 
323 ft. total span. The writer has also used the center-bearing 
type for three-track bridge 200 ft. total span. For four-track 
bridges long span, and for heavy highway bridges carrying wide 
city streets, the center-bearing type not well adapted. 

the center-bearing swing bridge the modern type con- 
struction, the entire load while swinging carried the pivot; 
the trailing wheels are adjusted have little clearance. 
When the bridge closed, the trusses the center are borne 
wedges other substantial supports. These supports are not sup- 
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posed lift, but should only come contact; they carry practically 


all the live load. The center supports and end lifts should con- 
nected work simultaneously, and adjusted that, when the 
center supports come bearing, the ends are lifted their proper 
level. For the center supports the writer uses wedges with bevel 
10. The trailing wheels has used connection with this 
type bridge are from in. diameter and from in. 
tread. generally uses eight wheels, two each side the 
center line the floor system balance the bridge transversely, and 
two pairs right angles them balance the bridge longitudinally, 
while swinging. his practice proportion the diameter, 
width tread, size axles, and journals the wheels each side 
the track for overturning wind pressure lb. per sq. ft. 
while swinging, and make the other wheels duplicates the same. 

There are two methods carrying the weight the center 
pivot swing bridge: suspension superposition. The 
advantages method are that brings the point 
support nearer the center gravity the bridge, that the disks 
rollers can readily taken out, examined, replaced without 
stopping the traffic over the bridge, and, also, that affords easy 
means adjusting the height. Several kinds pivots have been 
used for swing bridges: with disks, conical rollers and balls. the 
writer’s experience, disks have given the best results. Conical rol- 
lers have proven unsatisfactory, and have given more less trou- 
ble many cases where they have been used. the frictional re- 
sistance rollers approximately the same disks, the pivot 
with conical rollers has advantages, and, therefore, not 
recommended. The best results have been obtained with phos- 
phor-bronze disk between two hardened-steel disks. the surfaces 
the hardened-steel disks contact with phosphor-bronze will 
not wear out, the wearing confined the phosphor-bronze disk, 
which is, therefore, practically the only part outside the operat- 
ing machinery which will time wear out and have re- 
placed. 

Ball bearings have been used some cases, and claimed that 
they have proven satisfactory account the great reduction 
friction. The writer has not been able obtain any reliable data 
this subject. 
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the conditions are such make center-bearing swing 
bridge impracticable, the rim-bearing type has used. 

The most important requirement for satisfactory rim-bearing 
swing bridge have the load equally distributed over all the 
rollers. this not accomplished, some rollers will receive more 
load than others, the drum with the upper track will deflect between 
the points support, and the bridge will turn hard, and, conse- 
quently, there will great deal unnecessary wear and tear 
the rollers and track. order obtain equal distribution, 
necessary have practically deflection the drum between the 
points support. effect this, the points support should 
close together and the depth the drum relatively great. the 
writer’s judgment, the depth the drum should not much 
smaller than one-half, case less than four-tenths, the dis- 
tance between the centers support. Many rim-bearing swing 
bridges for single-track have been built with only four points 
support the drum. This inadequate for good distribution; 
they should have least eight points, and double-track bridges 
preferably more. The distribution should precise, and should 
arranged that will not affected the deflection the 
distributing girders. 

Rim-bearing swing bridges some cases give trouble ac- 
count the center pivot working loose, result inaccurate 
workmanship adjustment, bad For this reason, 
advantage have certain portion the weight the 
pivot while the bridge swinging, assists resisting any 
tendency toward lateral movement the part the ring live 
rollers. this done, the arrangement distribution should 
such that the portion the load which carried the pivot 
can determined accurately. The usual practice such cases 
carry about one-fifth less the entire dead load the center 
pivot while the bridge swinging. 

case impracticable carry portion the load the 
pivot, the lower track should connected the pivot with 
radial struts that the track and pivot form one piece which can 
fitted together and centered accurately the shop. order 
prevent the center pivot from working loose, some engineers heve 
embedded its base concrete. This method may keep the pivot 
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position, but does not prevent the pushing, pulling and wearing 
around the collar the pivot. 

The live-ring arrangement for separating and holding the rollers 
—which was formerly popular—consisting adjustable radial rods, 
one end each rod carrying roller, the other end being connected 
ring revolving around the center pivot, is, say the least, 
unmechanical contrivance. Good practice requires more sub- 
stantial construction. The rollers should run between two concen- 
tric circular girders firmly connected each other; this ring 
should connected the revolving part the pivot rigid 
struts. 

End Lift.—All swing bridges require arrangement lift 
the ends when closed, make the span continuous over three 
four supports, make two separate simple spans. Various 
mechanical contrivances are used for this purpose, such rollers, 
screws, cams, eccentrics, toggle joints, wedges, hydraulic rams, ete. 
the writer’s opinion, the lifting apparatus should fulfill the fol- 
lowing requirements: 

end lift should have power enough lift the ends 
the desired level with nearly uniform resistance. 

2.—After the ends are lifted their final position, they 
should form solid, substantial supports, similar the 
end shoes fixed span. 


That kind end lift which supports the ends the bridge, 
when closed, rollers, toggle joints, links, not recom- 
mended. The writer has found wedges with bevel 
the most satisfactory. The mechanism for moving the wedges 
can arranged offer nearly uniform resistance all 
stages the lifting, and also lock the wedges prevent them 
from sliding backward. They form substantial supports for the 
ends under traffic can desired. Toggle joints and hydraulic 
rams have also proven satisfactory, supplemented wedges 
other substantial supports, after the lifting accomplished. 

center-bearing bridges moderate span, with unequal arms, 
especially when the short arm over the abutment, ad- 
vantage have the lifting apparatus only under one end. This 
end should have excess weight, that, when the end 


supports are removed, the bridge will tilt and throw some weight 
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the balance wheels. The opposite ends the girders simply rest 
bed-plates. This arrangement dispenses with one-half the 
lifting machinery. 

Such tilting arrangements may also used case the lifting 
done the center ram under the pivot. 

Some swing bridges are designed with sufficient lift the ends 
make the trusses discontinuous, that they will form two 
separate simple spans when the bridge closed. The operation 
this requires approximately ten times much work the ends 
were lifted only enough prevent the lifting the ends from 
their supports under traffic and their consequent hammering. This 
arrangement, therefore, disadvantage bridge which has 
opened and closed frequently and quickly; fact, only 
waste power, but may recommended cases where the bridge 
used almost entirely fixed span, and where the time re- 
quired for the opening importance. Lifting the bridge from 
the center not economical lifting the ends, account 
the greater power required. few bridges have been built with 
lifting apparatus applied the top chord the center panel. 
This arrangement has the additional disadvantage using part 
the structure which carries the strain while the bridge swing- 
ing also part the lifting mechanism, which not good prac- 
tice. the machinery parts get out order, the structure should 
not affected thereby. The writer’s experience with structure 
this kind prompts him advise against its use. 

The Shear-Pole Draw, and the Jack-Knife Draw.—These also 
come under the head swing bridges, but can only used for 
very small spans. They are not recommended, except tem- 
porary makeshifts new roads, places where there little 
navigation. 

Bascule the conditions are not favorable for 
swing span, bascule bridge the next choice. The conditions 
which preclude the use swing bridge are: 


there space available swing the bridge horizon- 
tally about its vertical axis; 

the number tracks such increase the width 
the bridge and the size the pivot pier such 


q 
7 
4q 
7 
1 
| 
| 
| 
= 


MOVABLE BRIDGES 


there probability that other tracks will have 
added the future. 


The turning space required for swing bridges disadvantage, 
and increases with the size the bridge. The bascule bridge, 
the other hand, has the advantage that can used places 
where there space available alongside the bridge. The 
bascule bridge can enlarged widened putting addi- 
tional spans alongside it, without interfering with the operations 
the existing span with navigation. The length span, how- 
ever, somewhat limited, the question wind 
comes very important long spans, and constitutes one its 
greatest disadvantages. 

The limiting length clear span probably 150 ft. for single- 
leaf, and 300 ft. for double-leaf bridges. 

The design which should selected for bascule bridge de- 
pends upon many conditions, such location, distance from the 
floor water level, under-clearance required, length span, fre- 
quency opening, speed required, kind power available for 
operating, etc. determining the type and details the design 
which will most suitable for the existing conditions, the prin- 
ciples mentioned before, which govern all kinds movable bridges, 
should considered. 

Traversing Retractile are some objections 
the traversing bridge, which make undesirable, especially for 
railroad traffic. requires more power move than almost 
any other kind movable bridge, and slow motion. has 
been used only few cases for railroad bridges, but has proved 
satisfactory for small highway bridges. has been used success- 
fully some locations where other type would answer, fits 
certain conditions better than any other design. 

Vertical-Lift vertical-lift bridge has the follow- 
ing advantages over the bascule bridge: 

can made any length feasible for simple span, while 
the span bascule bridge somewhat limited. The bridge, 
when closed and carrying the traffic, forms simple fixed span, 
fulfilling all the requirements permanent structure. Its dis- 


advantages are heavy first cost and maintenance, and expensive 
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operation. The vertical-lift bridge most suitable for spans which 
require only small lift, such bridges over 

Transporter Ferry bridges take the place 
ferries. They have the advantage over the ferry-boat that their 
operations are not obstructed ice; therefore they can used 
cold climates all the year round, where the operation ferries 
would have discontinued during the winter months. Their 
capacity, however, very limited, and they are not suitable for 
railroad uses. 


The determination the power required operate movable 
bridges not matter elaborate scientific calculation, but 
practical experience and judgment. One should guided 
general way, course, the experiments which have been made 
ascertain the frictional resistance different kinds movable 
bridges; but, the conditions not remain the same, the fric- 
tional resistance varying different bridges even the same type 
and construction, and the machinery sometimes rusts up, wide 
margin for the required power should allowed. always 
advantage have excess power, adds only very small 
percentage the total cost the structure, does not increase the 
operating expenses, and increases the efficiency and reliability 
the operating machinery. 

The resistances overcome turning swing bridge are: 


1.—Resistance due friction; 
2.—Resistance due the inertia the bridge; 
3.—Resistance due the action the wind. 


Due rim-bearing swing bridges, 
the late Shaler Smith, Am. Soc. E., found the total fric- 
tional resistance the live ring vary from 0.004 0.008 the 
load the rollers. Messrs. Boller and Schumacher found this co- 
efficient 0.0035 for the Thames River Bridge; and Theodore 
Cooper, Am. Soe. E., found this 0.0038 for the Second 
Avenue Bridge. For center-bearing bridges, Mr. Shaler Smith 
found the frictional resistance the the pivot 
0.09 the weight turned. The writer the coefficient 
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frictional resistance the the pivot, hard- 
ened-steel and phosphor-bronze disks, with the usual working pres- 
sure about lb. per sq. in., 0.067 the start, and 0.045 
keep the bridge moving uniform speed. For the total fric- 
tional resistance, including that the shafts and gearing required 
for hand-operation, the highest coefficients observed were 0.115 for 
starting and 0.08 for keeping the bridge motion, These experi- 
ments were made new bridges, before the gearing, had 
opportunity wear smooth. For bridges which have been 
operation for some time, these coefficients would found 
considerably smaller. 
2.—Resistance Due the Inertia the power 
required overcome the inertia the swinging mass and develop 
the desired velocity depends upon the time allowed for opening 
closing. the usual practice assume that the acceleration 
developed half the time takes open the bridge. With this 
assumption, the following approximate formulas will give results 
near enough for practical purposes: 
applied the center gyration necessary pro- 
duce the required acceleration; 
H-P Number horse-powers; 
Total moving weight, pounds; 
Width bridge, feet; 
seconds, which maximum velocity must 
obtained, one-half the number seconds required 
open the bridge; 
linear velocity the center gyration, 


~ 


feet per second 


Due the Action the engineers 
assume unbalanced wind pressure lb. per sq. ft. de- 
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termining the power required overcome the resistance caused 
the wind. This unbalanced wind pressure considered act 
entirely one arm the bridge right angles, and follow the 
bridge its various positions while swinging. This arbi- 
trary assumption which has never been verified. known, how- 
ever, from actual observation, that with strong wind may re- 
quire nearly twice the power turn the bridge than without wind. 
suggested, therefore, that the resistance due the action 
the wind included the coefficient friction. 

This, course, applies only swing bridges with two equal 
arms. the bridge has arms unequal length, the resistance due 
wind pressure should and included the total 
resistance. 

For rim-bearing bridges, the writer’s practice has been 
assume the total resistance overcome turning, including 
frictional resistance the gearing and wind pressure, about twice 
the value given Mr. Shaler Smith for frictional resistance, 
which value was also recommended later Messrs. Boller and 
Schumacher, viz., 0.015 the load the rollers acting the 
center line the track; and, for center-bearing bridges, 0.15 the 
load the pivot, when swinging, acting the circumference 
the pivot. estimating the capacity the motor, assumes 
linear velocity, the center line the track, twice that re- 
quired for turning the bridge the specified time; or, ex- 
pressed formulas: 


P v 


Force required turn the bridge, acting center line 
track; 
Total moving weight, pounds; 
H-P Number horse-powers; 
r== Radius pivot, feet; 
Radius center line track, feet; 
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Maximum linear velocity center line track, feet 
per second; 

Time, seconds, which maximum velocity must 
obtained, one-half the number seconds required 
open the bridge. 


The foregoing formulas for frictional generally give 
results excess the power actually needed under ordinary condi- 
tions, and practically cover all 

supposed, course, that the bridges are rational con- 
struction and average workmanship. 

the bridge operated hand-power, the gearing has 
arranged, either for the number men available, for the 
time required turn and operate the bridge. Mr. Shaler Smith 
recommended the assumption the power one man cap- 
stan bar speed 250 ft. per min. The writer 
found that this velocity somewhat high, and does not fit all sizes 
men, but that the work which can performed conveniently 
any ordinary man for considerable time about lb. with 
speed 160 ft. per min. the strength the gear- 
ing, the power one man should taken 125 this 
about the strong man, with foothold, can exert for 
short time. 

For bascule and lift bridges the writer has not been able 
obtain any data reference frictional resistance and power re- 
quired for operating, but experiments may have been made, and 
hopes that their results will brought out the discussion this 
paper. 

and lift bridges, the wind pressure important 
factor increasing the frictional resistance the machinery, but 
the pressure may taken much smaller than that usually speci- 
fied for the structural parts the bridge, navigation would 
impossible with such wind, that the bridge would not require 
opened. The writer believes that per sq. ft., corre- 
sponding velocity about miles per hour, sufficient for all 
cases. 


For swing bridges, has been the usual practice use foot- 
brake control stop the motion the bridge. This, doubt, 
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good precaution, where can conveniently arranged, 
cases where the motor located the operator’s How- 
ever, when the bridge operated electricity, the motors the 
shafts the operating machinery are not generally within reach 
the operator, and the introduction foot-brake involves con- 
siderable complication. For this reason, the writer has omitted 
brakes all swing bridges operated electricity, and this has 
proved satisfactory all cases. 


the past, about fifteen years ago, steam and hydraulic 
power were the only motive powers used for operating movable 
bridges. later years, electric and combustion motors 
have many cases taken the place the steam engine. 

Electric motors are the most convenient, where electric power 
can obtained satisfactorily, more particularly the company 
owning the bridge also controls the power, such the case with 
electric railway bridges, steam railroad bridges situated near one 
the company’s power-houses, city bridges. power 
economical, and the motors occupy little space and can put 
the most convenient places, reduce the transmission long 
shafts. 

The requirements for electric motors and electrical equipment 
given the subjoined specifications are based those adopted 
the Sanitary District Chicago for their bridge crossing the 
Chicago River Dearborn Street, which appeared the most 
complete any which have come the writer’s notice. They have 
been modified make them general, and applicable any kind 
movable bridge. 

Where electric power cannot obtained, steam engine 
internal combustion engine has used, excepting special 
cases, where water-power may used advantage. For large 
spans, which have opened frequently and quickly, steam 
engine preferable. However, has its disadvantages. oc- 
cupies more room than almost any other motor, requires 
storage capacity for coal and water, machinery for hoisting coal 
and pumping water, and the ashes have disposed of. The 
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fire under the boiler has kept when the bridge not 
operation, and the operating expenses are high. 

For smaller spans and intermittent service, the gasoline engine 
better adapted. more economical, and requires less skill 
operate than the steam engine. The internal combustion engine 
has been brought high degree development, particularly 
the smaller sizes, and many the defects the earlier engines 
are now almost eliminated. Gasoline engines, p., have 
been used successfully for operating movable bridges. 

many different types gasoline and other internal com- 
bustion motors have come into the market the last few years, 
such vertical and horizontal engines, engines with one, two and 
three cylinders, two-cycle and four-cycle motors, that engineers 
who are not experts internal combustion engines are generally 
puzzled when called upon select the most suitable engine for the 
work performed operating movable bridge. The writer 
hopes that this subject will discussed engineers familiar with 
the latest developments these engines. 

Hydraulic power can used advantage exceptional cases 
only, where the bridge operated from the shore, and where water 
with sufficient pressure can obtained for working hydraulic 
motor. 

Hydraulic power, however, generally used with hydraulic 
rams connection with accumulators. They have the advantage 
that great amount power can accumulated with small 
motor during the time the bridge not being operated. Arrange- 
ments this kind have been used successfully number 
bridges. 

Unir 


The permissible unit strains for machinery parts tension, 
compression, bending and torsion, given the subjoined specifica- 
tions, are those recommended Professors Von Bach and Unwin, 
slightly modified conform the writer’s views. The safe bear- 
ing values given for rotating and sliding surfaces agree with those 
now generally considered good practice machine design, and have 
been used extensively and verified the writer. 


The safe bearing pressures rollers are based experiments 
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The values the permissible pressure ball bearings 
hardened steel are those recommended Stribeck the result 
his experiments, made the Prussian Government Laboratory, 
balls and races manufactured abroad. These values, therefore, 
are not applicable ball bearings manufactured the United 
States, about which the not able obtain any informa- 
tion. 


AND MATERIAL. 


The quality workmanship called for the specifications 
the same the writer has required for machinery parts movable 
bridges, when has had the shops where the work was 
being done. 

The specifications for special metals, generally not covered 
specifications for the structural work bridges, are practically 
those adopted the American Society for Testing Materials. For 
tool steel, phosphor-bronze and babbitt metal, for which that society 
has specifications, the writer has given what has found satis- 
factory his own practice. 
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SPECIFICATIONS FOR MOVABLE BRIDGES. 


-Movable bridges, the kind used modern practice for carry- 
ing railroad traffic, are generally the following types: 


1.—Swing Bridges; 
2.—Bascule Bridges; 
3.—Vertical Lift Bridges. 


The type bridge best adapted for particular location de- 
pends upon local conditions, and should left the judgment 
the engineer. 

The specifications for loads, unit strains, proportion parts, 
material and workmanship adopted for fixed spans will also apply 
the structural work movable bridges under the various condi- 
tions loading. 

The minimum wind pressure assumed proportioning 
the machinery moving parts movable bridges, such trailing 
wheels center-bearing swing bridges, operating machinery 
swing bridges with unequal arms, and bascule bridges, shall 
Ib. per sq. ft. the exposed surfaces all trusses and the floor 
system seen elevation. 


Swing Bridges. 
The following types girders and trusses are recommended: 
Plate girders, 150 ft. span; 
Riveted trusses, from 150 250 ft. span; 


Pin-connected trusses may used for spans greater than 
250 ft. 


Trusses swing bridges which are continuous over three 
four supports shall for the following conditions: 


1.—Bridge open, unloaded; 
2.—Bridge closed, reaction end from dead load; 
3.—Bridge closed, ends lifted make trusses continuous. 


The turn-table may center-bearing, rim-bearing, com- 
bination the two. combination table used, the supporting 
girders shall arranged that some definite portion the load 
will carried the center. The center-bearing type turn-table 
should preferably used, whenever practicable, and recom- 
mended for single-track bridges 500 ft., and for double-track 
bridges 400 ft. span. 

Center-bearing turn-tables should designed that the entire 
dead load the bridge carried center pivot when the bridge 
swinging; but, when the bridge closed, the trusses should rest 
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the center wedges other substantial supports. These sup- 
ports must strong enough resist the reaction resulting from 
the live load and impact the train. Trailing wheels running 
circular track should provided for the purpose balancing 
the bridge and carrying the wind pressure the track while swing- 
ing. The center pivot, well the trailing wheels, should ad- 
justable height. The center pivot should designed that 
the disks rollers can taken out, examined, replaced, when 
the bridge not operation, without interfering with the railroad 
traffic. 

Rim-bearing turn-tables, which carry the bridge drum 
rotating rollers between two tracks, shall have the center pivot 
connected the drum rigid struts. The object this pivot 
center the turn-table and hold place while the bridge 
swinging. The drum shall designed that the load dis- 
tributed properly over all the rollers. The rollers shall such 
size and number carry the entire dead load when the bridge 
swinging, and the reaction the dead and live load and impact 
when closed. The lower track shall strong enough distribute 
the loads the rollers over the masonry. The drum shall de- 
signed accordance with the. specifications for plate girders. 
shall provided with effective stiffeners fillers both sides 
the web all points concentrated loading; these stiffeners shall 
have close bearing against the upper and lower flanges. The 
bottom the lower flange should planed. The lower track shall 
anchored the masonry with bolts, not less than in. 
diameter and in, long, set Portland cement grouting. 

The rack and track segments shall made short sections, 
preferably not more than ft. long. cast lower track used, 
case the track light, center-bearing bridges, the rack and 
track shall preferably cast one piece. The maximum pitch 
the teeth the rack shall, not exceed in. For small bridges, 
steel rails may used for the track. 

the pressure requires greater pitch than in., two more 
pinions shall used, and they shall arranged that the pres- 
sure will distributed equally over all pinions. two pinions 
are used, they shall placed opposite one another. 

The brackets support the pinions gearing into the rack must 
made one piece, that both bearings can bored true 
line and will not get out adjustment. They shall provided 
with caps that the pinion shaft can taken out without re- 
moving the bracket. 

All swing bridges must provided with effective lifting 
and locking apparatus the ends. The lifting apparatus must 
strong enough exert uplifting force equal the maximum 
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negative end reaction the live load plus 50%, and must have 
bearing capacity for the positive maximum end reaction, including 
impact. 

Rail-lifts shall provided, connection with the end-lift- 
ing apparatus, well automatic self-acting latches. The 
latches must arranged that they will lock the bridge auto- 
matically when the proper position for closing, but only the 
speed slow that the shock will damage. The end sup- 
ports should arranged that they can easily adjusted the 
proper amount lift. 

Bridges carrying railroads shall have each shore end 
signal, and such signals shall arranged that the 
bridge cannot opened without setting each signal the danger 
position, and that the signals cannot set indicate clear 
track until the bridge closed and the rails are their proper 
position. 

Bascule and Lift Bridges. 


The general principles governing the design swing bridges 
are also applicable lift bridges any kind, well other 
movable bridges. 


OPERATING MACHINERY. 
Details Design. 


The operating machinery movable bridges shall designed 
and constructed substantial manner: all complicated and 
flimsy contrivances shall avoided. parts shall designed 
that they may easily erected, adjusted and taken apart, and 
must accessible for inspection, cleaning and repairs. The fasten- 
ings shall designed that after all machinery parts are properly 
set, lined and adjusted, they will permanently fixed. 

Rolled Forged forged steel shall used for 
bolts, nuts, keys, cotters, pins, axles, shafts, screws, worms and 
piston rods. 

Forged Cast cast steel may used for 
levers, cranks and connecting rods. 

Cast steel shall used for pivot stands, couplings, 
wedge-bearings, rollers, trailing wheels, end shoes, and for racks, 
tracks and pinions, and toothed wheels bridges operated me- 
chanical power. 

Cast Iron.—Cast iron may used for journal boxes, pulleys, 
drums, eccentrics, and toothed wheels for bridges operated hand- 
power only; also for cylinders, pistons, fly-wheels, brake-wheels, and 
other parts motors which are usually made cast iron. 

Hardened shall used for pivot disks, 
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friction-rollers, ball-bearings, and other similar cases, for the 
purpose reducing the bearing surface, abrasion and 

Phosphor-Bronze, Brass and Babbitt other 
alloys shall used for the bushing lining journal bearings 
and other rotating sliding surfaces prevent seizing, which 
likely when steel moves steel. 

All which are attached rough, unfinished sur- 
faces shall provided with chipping strips. The outer unfinished 
edges all ribs, bases, shall rounded off, and inside corners 
shall have fillets. 

All bolts and nuts, in. diameter, shall have 
Standard V-threads. All nuts and exposed bolt heads shall 
hexagonal shape, and each nut shall provided with washer. 
the nut bears inclined surface, the washer must beveled. 
Bolt heads which are countersunk casting shall square. 

Nuts which are subject vibration and frequent changes 
load shall have locking arrangements prevent the gradual un- 
screwing the same. double nuts are used for that purpose, 
each nut shall the standard thickness. 

All which transmit motion must have square threads. 

Tap-bolts shall avoided much possible. 

shall not used for fastening wheels, pulleys, 
pinions, any other parts which transmit torsion shafts 
axles. They shall only used connection with keys, and for 
fastening collars shafts cases where the collar not subject 
any strain the direction the axis the shaft. 

Collars shall used wherever necessary hold the shafting 
from moving horizontally. Each collar shall have least two set- 
set angle 120° one another. 

All pieces which transmit torsion shafts axles shall fas- 
tened with gib-head keys having taper in. ft., and shall 
seated grooves, both hub and shaft. two keys are used, 
they shall not placed opposite, but angle 120° one 
another. The minimum width the key shall one-fourth the 
diameter the shaft one key used, and one-sixth, two 
are used, and the minimum thickness shall one-half the width. 

Journals shall proportioned resist, not only the various 
strains which they are subjected, without exceeding the permis- 
sible fiber and bearing strains, but also prevent tendency 
heat and seize. 

Steel bearings carrying steel shafts journals should bab- 
bitted, have lining some other material, preferably bronze. 
Bearings steel steel shall not used any rotating slid- 
ing surface, unless provided with metaline plugs, unless one 
preferably each the surfaces The bearings shafts 
should placed near the points loading 
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Pivots for the centers turn-tables may revolve disks, 
friction-rollers, balls. Disk-bearings shall preferably consist 
three disks, one phosphor-bronze between two disks hardened 
steel, that the steel will slide the bronze. The phosphor- 
bronze shall the special kind specified page 295. Friction 
rollers balls shall made hardened steel, and they shall run 
bearings the same material. shall separated 
spider prevent them from coming contact with each other. 

The foot-steps vertical shafts may axle tool steel, 
and shall run bronze disks. 

When wheels are used connection with axles, such trail- 
ing wheels for turn-tables, the wheel must fastened the axle 
and allowed turn its journal bearings. Wheels shall not 
allowed rotate loose any axle. 

Provision must made for the proper and effective lubrica- 
tion all journals, pivots, any other moving parts with sliding 
rotating surfaces. oil compression grease cups shall 
provided for all journal bearings; where not otherwise accessible, 
they shall connected with oil pipes. Oil grooves must pro- 
vided wherever necessary for the proper distribution the lubri- 
All oil holes must easy access. 

Dust covers shall provided wherever necessary protect the 
sliding and rotating surfaces and prevent dust from mixing with 
the lubricant. 

Line shafts, account the flexibility the structure 
which they are attached, shall not continuous, but shall con- 
nected with flexible couplings. Each length shafting should rest 
preferably two regular bearings only, with the couplings the 
outside and close the bearings opposite directions. case 
the bearings journal boxes are attached the floor-beams, may 
become necessary, bridges with long panels, provide inter- 
mediate supports order reduce the deflection the shaft. 
These intermediate supports shall consist loose-fitting open 
bearings, the functions which shall prevent the shaft from 
sagging. The unsupported length shafting shall not exceed: 

for shafts supporting their own weight only; 
1=50 for shafts carrying pulleys, gearing, 
where shaft between bearings, inches; and 

Line shafts connecting the machinery the center that the 
ends should run fairly high speed. The requisite speed reduc- 
tion should the machinery near the end. 

Couplings connect shafting shall claw couplings, and 
shall placed near the bearing possible. Each half 
coupling shall fastened rigidly the end the shaft, but the 
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coupling must not bolted together, order allow slight an- 
gular motion without twisting and binding the shaft its bearings. 
They shall strong enough develop the full strength the 
shafts which they are attached. 

Gear wheels should designed the assumption that one 
tooth transmits the whole pressure. uncut gearing, the pressure 
should assumed coming corner the tooth; but, 
machine-cut gearing, should assumed distributed over the 
whole width the tooth. All cast pinions shall shrouded, and 
pinion shall have less than twelve teeth. All toothed gearing 
operating machinery shall preferably have involute teeth. The 
minimum width the teeth should one and one-half times the 
pitch; for uncut teeth, generally, the width should two times the 
pitch. For cut gearing, the width may greater, but not more 
than three times the pitch, excepting for wheels moving very 
high velocity, and those motors, where the wearing and abrasion 
have considered. estimating the strength teeth 
bevel wheels, the pitch the inner circumference shall taken. 
Bevel wheels shall preferably avoided. 

gearing should arranged have proper lubrication 
between the sliding surfaces worms and wheels. accomplish 
this, the worm should placed below the wheel and run oil 
bath. The worm shall preferably rolled forged steel; the 
wheel may bronze cast iron. Worm-wheels shall have not 
less than twenty-eight 

wire-rope gearing used transmit power, the diameter 
the drum pulley should made large possible, and not 
less than 150 diameters the rope. The bottom the groove 
the pulley shall lined with leather hard wood. 

hydraulic rams, externally-packed plungers shall used. 
Pistons packed against the bore cylinders shall avoided 
wherever possible. Packing shall made the ordinary stuffing- 
box, with any approved fibrous packing. The depth the packing 
shall least six times its thickness. The gland shall always 
screwed down tight without compressing the packing, which 
shall set out initial pressure alone. When economy space 
requires it, leather rings rectangular section may used for 
packing. These shall soaked melted paraffine and bored 
fit the plunger, turned externally fit the cylinder, but shall 
free all other directions. Pipes for conveying fluid shall dis- 
posed have drainage outlets whereby the whole system can 
readily drained. 

Workmanship. 


All workmanship and finish shall equal that the best 
practice modern machine-shops, the parts the operating 
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machinery movable bridges are generally exposed the weather, 
the finish shall confined the bearing, rotating, and sliding 
surfaces, and wherever required produce accurate fits and 
precise dimensions. 

All shall properly cleaned, and all fins, seams, and 
other irregularities removed, that they will have clean, smooth 
surfaces. 

Drainage holes, not less than in. diameter, shall 
all places where water likely collect. 

holes. All turned bolts must have the diameter the shank 
least in. larger than the diameter the threaded portion, and 
must have driving fit the bolt hole. 

All track segments shall planed both sides and the 
joints. The surfaces which the rollers bear shall planed 
the true bevel, and have the center line plainly scribed thereon. 

Toothed segments forming the rack shall accurately fitted; 
particular care shall taken have the pitch the teeth ac- 
curate the joints. The periphery and the upper face the 
teeth shall planed, and the pitch line scribed the 
rack separate from the track, the rack segments shall fitted 
those the track, have the center line the track exactly 
with the pitch line the rack. 

All rollers shall turned the and the faces 
the rim, with the corners chamfered and the center line the 
roller scribed the circumference. The hubs shall accurately 
bored and faced each end. 

Pivot stands and center castings swing bridges shall 
properly finished and fitted. Particular care must taken have 
the base faced truly right angles the axis, and turned the 
circumference concentric with 

Steel disks, friction rollers balls used pivots, well 
their bearings, must tool steel, accurately turned and finished 
gauge, and oil-tempered. After hardening, they shall 
rately ground their final finish. Steel and phosphor-bronze disks 
shall have their sliding surfaces finished high polish. 

All journals shall turned with fillet each end, and shall 
have good workmanlike fit their bearings. 

All hubs wheels, pulleys, couplings, ete., shall bored fit 
close the shaft axle. the hub performs the function 
collar, the end next the bearing must faced, hubs 
toothed gear wheels must bored with the pitch 
circle. 

The circumference all gear wheels must turned. All 
wheels moving with velocity more than ft. per see. the 
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pitch line, well all bevel wheels, and those the gearing 
any motor, shall have machine-cut teeth. 

Threads worms must cut, and the teeth worm wheels 
must fit the worm accurately. 

All machinery which the regular standard manufactured 
type, such steam, gasoline, electric hydraulic motors, pumps, 
air compressors, must guaranteed the manufacturer 
efficiency, and shall subject the approval the engineer. 
All motors shall tested prove that they fulfill the specified re- 
quirements and develop the desired speed and power. The rating 
motor shall the horse-power determined the brake test. 

The contractor shall indemnify and save harmless the pur- 
chaser against all loss damage, claims and demands, costs and 
charges, that may arise accrue reason the adoption use 
the contractor any patented article, device improvement 
furnished him. 

Unir 


The unit strains used designing machinery parts shall not 
exceed those given Table 


TABLE 1.—PERMISSIBLE UNIT STRAINS, POUNDS PER SQUARE 
INCH. 


Axle 
steel. 


Structural 
steel. 


Kind of strain, and 
loading. 


Steel 
castings. 


Rolled 
copper. 


18 000 12 000 6 000 
8 000 


4 000 


8 000 3 000 


Tension 10 600 12 000 2 000 
1 000 
12 000 


8 000 


4 000 2 000 


5 800 6 000 1 000 


16 000 18 000 16 000 3 000 


Compression 


10 000 12 000 


16 000 18 000 6 000 


Bending 10 600 12 000 4 000 


5 300 6 000 3 000 


12 000 14 400 3 000 


Shear 8 000 9 600 2 000 


4 000 4 800 3 000 1 000 


10 000 12 000 500 83 000 


Torsion 6 600 8 000 000 


| 
3 200 


4 000 500 


A, Fora static load; 

RB. Fora varying load producing strains of tension or compression only; 

varying equal maximum strains opposite directions, 
accompanied shocks and vibrations. 
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selecting the working unit strains from Table for design- 
ing parts the operating machinery movable bridge, 
should borne mind that these parts are generally strained 
both directions, that the motions are irregular, are frequently ac- 
companied shocks and vibrations, and that the loads are applied 
more less suddenly. 

For most machinery parts, such shafts, axles, gearing, levers, 
cranks, the figures given for should used the bridge 
operated mechanical power. hand-power only used, the 
values for intermediate ones, may used, according the 
judgment the designer. 

The permissible unit strains for bending (given opposite B)— 
10000 for cast steel and 4000 for cast iron—-shall used for de- 
termining the strength toothed gearing. The teeth cut gear- 
ing shall conform the following proportions: 

permissible unit strain; 
face tooth, inches; 
factor established experience. 


For wheels moving slow speed (up about 100 ft. per min.), 


The strength uncut teeth shall computed for face 
approximately with the assumption that the pressure carried 

one corner the tooth. 
For higher velocities, which tend increase the shock and wear, 
this value shall not exceed: 
0.5 


where pitch circle, feet per minute. 


For bronze wheels, the same values shall used for cast iron. 
For the permissible unit pressures for fixed bearings different 
metals, those Table for compression, shall used. 


one and one-half times the pitch, Which conforms 


Pressure, Pounds per Linear Inch, Rollers Rest. 


Rolled and cast steel.................... 800d 
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SURFACES. 


Maximum Bearing Values for Rotating and Sliding Surfaces, 
Pounds per Square Inch. 


Bearings Which the Speed Slow and Intermittent. 


Pivots for swing bridges; hardened tool steel special phos- 
phor-bronze 

Trunnion bearings for bascule bridges, axle steel phos- 
phor-bronze 

Wedges, cast iron bronze 

Wedges, cast iron cast iron structural steel 

Serews which transmit motion projected area 


For Ordinary Cases, Parts Moving Moderate Speeds. 


steel hardened steel 

Hardened steel bronze 

Tool steel (not hardened) bronze 

Structural steel bronze 

Cast iron cast iron 

cross-head slides, speed not exceeding 600 ft. per 


order prevent heating and seizing higher speeds, the 
pressure pivots foot-step bearings for vertical shafts and 
journals shall not exceed: 

160 000 
300 000 


Where number revolutions per minute; 

For crank pins and similar joints with alternating motion, the 
limiting bearing values given the above formula may doubled. 


Permissible Pressure, Pounds per Linear Inch Roller 
Motion. 


For steel castings 400d 
For axle steel 500d 
For hardened tool 


Moving 
Bearings. 
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Where pressure per linear inch roller; 
and diameter roller, inches. 


The foregoing values are for rollers and bearing surfaces the 
same material; rollers and bearing surfaces are different ma- 
terials, the lower value shall used. 


Permissible Pressure Balls Hardened Tool Steel Running 
Surfaces the Same Material. 


For balls running flat 600d 
For balls running grooves which have radius 200d? 


Where permissible load, pounds per ball; 


The kind motor best adapted any particular case depends 
upon local conditons, and should left the judgment the 
engineer. 

the bridge operated hand-power, the number men and 
the time required operate shall estimated the assumption 
that the force one man can exert lever with speed 
160 ft. per min., developing about h.p. For the 
strength the machinery parts, the power one man shall as- 
sumed 125 but 150 shall the minimum used and ap- 
plied the extreme end the hand-lever any bridge. 

the bridge operated mechanical power, the motor shall 
ample capacity move turn the bridge the required 
speed. All machinery parts shall designed with sufficient 
strength resist the greatest pressure which can exerted the 
motor, using the specified permissible strains. matter what 
mechanical power used, all bridges shall also provided with 
hand-power operating machinery. 

Friction brakes, operated hand foot, shall pro- 
vided for all bascule and lift bridges, and for all swing bridges 
where the motor located the operator’s house. They shall 
attached the secondary shaft the motors which connect the 
moving gear, and shall have sufficient capacity stop hold the 
moving span any position under all conditions. 

cities, all movable bridges, carrying highway traffic, which 
leave opening the floor when the bridge open for navigation 
(as swing bridges), shall provided with safety gates. These 
gates shall arranged that the bridge cannot opened before 
the gates are closed, and that the gates cannot opened before 
the bridge closed and locked. 
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Wherever mechanical power any kind used for 
operating movable bridge, suitable house shall provided for 
the operator. The house shall such dimensions required 
position where the operator can observe the signals and see the 
approaching vessels and trains, and with enough windows 
cient size that his view will not obstructed. the operator’s 
house above below the floor the bridge, suitable steel iron 
stairs with railings shall provided lead from the floor the 
bridge the floor the operating house. The house shall 
fire-proof construction, consisting steel frame, steel floor-joists 
and fire-proof floor. the house contains motors and ma- 
chinery, the floor shall preferably consist steel plates, but, the 
motors are located elsewhere, the floor between the joists may 
construction. sides and roof shall metal, con- 
erete, any other non-combustible material. 

Whenever the conditions require it, provision shall 
made for heating the operator’s house. steam power used, 
the house shall heated steam coil radiator fed from the 
boiler. electric power used, the heat may supplied 
electricity. gasoline used, any other power which cannot 
utilized for heating, coal, wood, petroleum, gas stove, di- 
rected the engineer, shall provided. 

steam engine used, shall consist double-cylinder, 
reversing engine, the piston speed which shall not exceed 200 ft. 
per min.; shall develop the desired power and speed with steam 
pressure per sq. in. The engine shall connected the 
operating machinery approved friction clutch, arranged 
that the moving and locking machinery can operated alternately 
stopped without stopping the engine. 

The steam shall generated one two upright, tubular 
boilers, each which shall have twice the capacity the engine. 
The boilers shall designed for steam pressure 150 lb. per 
sq. in., and adapted the kind fuel specified the engineer; 
they shall open-hearth steel, accordance with the specifica- 
tions for boiler plates appended hereto. They shall cased 
covered with Russian iron. 

The engine-room shall provided with steel water tank 
sufficient capacity, duplex, steam feed-pump, and injector for 
each boiler, with necessary pipes and connections for feeding 
boilers separately together, steam water-lifters with necessary 
strainers, flexible hose, and piping lift the water from the river 
into the tank, coal hoist and steel coal-bin sufficient capacity. 
The engine-room shall provided with suitable indicator 
recording the positions the moving span turning and lock- 
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ing. work bench with full set machinist’s tools shall 
provided, such vise, wrenches, chisels, hammers, files, oilers, 
and oil-tank. whistle suitable size shall provided. 
All piping, where necessary, shall covered with the best sectional 

gasoline motor other internal-combustion motor used, 
low-speed engine the most substantial kind shall sclected, 
the maximum piston speed which shall not exceed 400 ft. per min. 
The engine shall have reversing gear provided with approved 
friction clutches, operated hand-wheel. The counter- 
shaft connecting the engine with the operating machinery shall 
provided with disengaging couplings, arranged that the moving 
and locking machinery can operated alternately and either 
direction without stopping the engine. Motors and more 
shall started compressed air. The engine-room shall pro- 
vided with water tank sufficient capacity. The gasoline tank 
shall located outside the engine-house. The engine-room shall 
provided with indicators for recording the positions the moving 
span, and lifting, and locking apparatus. work bench with 
full set machinist’s tools, ete., shall provided, the same 
specified for steam motors. 

electricity used the motive power, the motors shall 
the railway type, series wound, single reduction, multipolar, 
water-proof, with steel frame and iron-clad armature the re- 
quired capacity. The capacity each motor shall estimated 
normal speed and whatever voltage available according the 
rating the American Institute Electrical Engineers, and 
carrying over-load 334% for min. 50% for 
min. without injurious heating. The armature speed shall not 
more than 600 rev. per min. With each motor shall furnished 
cut pinion and gear with reduction such that the countershaft 
will make aproximately the required number revolutions per 
minute (generally 100 125) under full-load rating. These pinions 
and gears shall protected removable gear case. Motors 
connecting vertical shafts should preferably have vertical axis 
order avoid gearing. 

All motors shall standard types common use order 
that extra parts may readily procured, and shall subject the 
approval the engineer. 

The contractor shall furnish for each operating motor one 
extra armature, one extra field coil, one extra pinion, and one extra 
split gear. All such extra parts shall fitted ready place the 

Controllers shall placed the operating house. Each motor 
set motors shall have one controller, that is, two motors work 
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they shall connected one controller. They shall 
the reversible, series parallel type, fitted with interlocking, re- 


versing cylinders, magnetic blow-out, and-shall capable 
and maintaining the speed the motors from slow speed 


the starting point maximum speed when full on, without 
sparking and without shock jar. They shall ample carry- 
ing capacity transmit for min. 334% more than the normal 
power required the motors full load, transmit for min. 
50% more than the normal amount required the motors, without 
injurious heating. 

Suitable resistances shall furnished, that the motors will 
start from stand-still and attain full speed without causing spark- 
ing the commutators the motors, without shock jar 
the bridge. 

Unless the current supply taken from more than one source, 
shall conducted the switch-board two independent con- 
ductors: one for the supply and one for the return current. These 
conductors, the power has cross channel, shall consist 
steel-armored submarine cables. Each cable shall sufficient 
safely the necessary current operate the bridge 
with full over-load the motors herein specified. cable 
shall composed nineteen strands tinned copper wire not 
less than 98% conductivity, insulating walls rubber not less than 
in. thick containing not less than 30% pure Para rubber, one 
winding tape, lead sheath in. thick containing tin 
alloy, substantial jute and asphalt serving, and armor 
galvanized-steel wire suitable size for the diameter the cable. 
The cables shall show, 60° fahr., insulating resistance 500 
megohms per mile after min. electrification. 

the case swing bridges, the cables shall brought up, 
through the center pivot, with collector rings for the purpose 
conducting the the controlling apparatus while the bridge 
swinging. The collector rings shall protected removable 
casing. 

All wiring between the switch-boards, motors, and lights shall 
the best grade rubber-covered, double-braided copper wire, 
and put securely porcelain insulators. wires smaller than 
No. 14, gauge, shall used. All wires shall drawn into 
place free from mechanical injuries, loricated iron conduits 
located and arranged easily accessible for examination 
and repairs. All wiring shall sufficient capacity carry 
safely the current required, with the over-load specified, without in- 
jurious heating. 

All ground connections the structure shall made 
proper soldered terminals secured copper plates ample area 
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fastened contact with the structural work, other manner 
satisfactory the engineer. Care must taken locate the 


that there will ample metal and proper circuits 


return the currents without damage the structure. 

automatic circuit breaker, equal the standard 
switch-board type, shall placed the motor circuit each 
switch-board. each line motors, and each line 
lighting, signal, indicator other circuit shall protected 
suitable fuses pattern approved the engineer. 

One 600-volt meter with 5-volt graduation, and one 300-ampere 
shunt ammeter with 2-ampere graduation, both equal quality 
the Western type “F,” shall placed each 

suitable switch, quick-break, railway type, shall provided 
for each motor circuit and for each supply wire. All switches shall 
have ample carrying capacity for their respective loads with the 
specified over-load, but switch shall have capacity less than 
amperes. 

There shall placed each operator’s house marble switch- 
board large enough allow all necessary meters, switches, cir- 
cuit breakers, fuses, located thereon without crowd- 
ing, that each device can reached and operated quickly 
and safely the bridge tender. All switches, fuses, signal cir- 
cuit, and submarine cable terminals shall suitably named and 
labeled with neat metal plates, accordance with their purpose 
and use. Switch-boards shall located behind the controllers and 
convenient thereto, and placed angle 45° with the side 
the house. They shall mounted substantial iron supports 
and thoroughly braced the wall. 

electrical indicator approved design shall placed 
front the controller, recording the movements the bridge and 
the lifting and locking apparatus. 

The contacts electrical devices for making breaking the 
electric circuits operate the electric indicators, similar con- 
nections, shall substantial construction, reliable action, 
completely protected from the weather, and shall submitted 
the engineer for approval. 

each operator’s house shall placed ten lights, and 
additional lights about the machinery and such other points the 
engineer may direct. Lights placed outside shall have water-proof 
sockets. set lights shall controlled switch the 
switch-board the operator’s house. 

each operator’s house shall placed telephone, complete, 
with receiver, transmitter, battery, and magneto bell, and also 
push-button and signal bell connected the cable. 

Suitable semaphores and signal lights shall provided, di- 
rected the engineer. 
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All the electrical equipment, apparatus, etc., shall the most 
substantial character and good finish, and all material and 
workmanship shall subject the approval the engineer. The 
contractor, before beginning work, shall submit for approval com- 
plete plans, with details and specifications, showing the wiring and 
the proposes install. The working the machinery 
and its efficiency operate the bridge shall tested prove that 
fulfills the specified requirements. 


Steel 


1.—Steel for castings may made the open-hearth crucible 
process. castings shall annealed unless otherwise specified. 


physical qualities determined standard test 
specimen in, diameter and in. gauged length: 
Tensile strength, pounds per square inch.... 70000 


4.—A test destruction may substituted for the tensile test, 
the case small unimportant castings, selecting three 
from lot. This test shall show the material ductile, 
free from injurious defects, and suitable for the purpose intended. 
lot shall consist all castings from the same melt blow, an- 
nealed the same furnace charge. 

5.—Large castings shall suspended and hammered 
over. cracks, flaws, defects, weakness shall appear after 
such treatment. 

6.—A specimen in. in.) shall bend, cold, around diame- 
ter in., through angle 90°, without fracture the out- 
side the bent portion. 

number standard test specimens shall depend upon 
the character and importance the castings. test piece shall 
cut, cold, from coupon moulded and cast some portion 
one more castings from each melt blow, from the sink- 
heads (in case heads sufficient size are used). The coupon 
sink-head must receive the same treatment the casting cast- 
ings, before the specimen out, and before the coupon sink- 
head removed from the casting. 

from the tensile specimen, drillings from the 
bending specimen, drillings from the small test ingot, pre- 


Process of 
Manufacture. 


Chemical 
Properties 


Tensile Tests. 


Drop Test. 


Percussive 
est. 


Bending Test. 


Number and 
Location of 
Specimens. 


Sample for 
Chemical 
Analysis. 


q 


Finish. 


Manufacture. 


Chemical 
Properties. 


Physical 
Properties. 


Bending Test. 


Number and 
Location of 
Tensile 
Specimens. 


Sample for 
Chemical 
Analysis. 


Finish. 


Annealing. 


292 MOVABLE BRIDGES 


ferred the inspector, shall used determine whether not 
the steel within the limits phosphorus and sulphur specified 
Paragraph 

9.—Castings shall true pattern, free from blemishes, flaws 
shrinkage cracks. Bearing surfaces shall solid, and 
porosity shall allowed positions where the resistance ‘and value 
the casting for the purpose intended will seriously affected 
thereby. 

Steel Forgings. 


forgings may made the open-hearth crucible 
process. 


3.—Minimum physical properties determined standard 
turned test specimen in. diameter and in. gauged length: 

Tensile strength, pounds per square inch... 000 000 

Elongation: percentage in............. 


specimen in. in.) shall bend, cold, 180°, around 
diameter in., without fracture the outside the bent por- 
tion. The bending may effected pressure blows. 

5.—The number and location the test specimens taken 
from melt, blow, forging shall depend upon their character and 
importance, and, therefore, must regulated individual cases. 
The test specimen shall cold, from the forging, full- 
sized prolongation the same, parallel the axis the forging 
and half way between the center and the outside; the specimens 
shall longitudinal, e., the length the specimen shall 
correspond with the direction which the metal 
drawn out worked. When forgings have large ends collars, 
the test specimens shall taken from prolongation the same 
diameter section that the forging back the large end 
collar. the case hollow shafting, either forged bored, the 
specimen shall taken within the finished section prolonged, half- 
way between the inner and outer surfaces the wall the forging. 

6.—Turnings from the tensile specimen, drillings from the 
bending specimen, drillings from the small test ingot, preferred 
the inspector, shall used determine whether not the steel 
within the limits chemical composition specified Para- 
graph 

shall free from cracks, flaws, seams, other 
injurious imperfections, and shall conform the dimensions 
shown the drawings furnished the purchaser, and shall 
made and finished workmanlike manner. 

8.—All forgings shall annealed. 
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Azle Steel. 


steel may made the open-hearth crucible 
process. 


3.—Minimum physical determined standard 
turned test specimen in. diameter and in. gauged length: 


Tensile strength, pounds per square inch... 80000 
Elongation; percentage in.............. 


4.—A specimen in. in.) shall bend, cold, 180°, around 
diameter in., without fracture the outside the bent 
portion. The bending test may made pressure blows. 

5.—Turnings from the tensile test specimen, drillings from 
the small test ingot, preferred the inspector, shall used 
determine whether the melt within the limits chemical com- 
position specified Paragraph 


Boiler 


1.—The steel used for boilers and fire-boxes shall made the 
open-hearth process. 


physical properties required shall follows: 


Tensile strength, desired, pounds per 


Elongation; minimum percentage in. Ultimate strength. 

Cold bends, without fracture.............. 180°, flat. 


4.—The ultimate strength shall come within 4000 that 
desired. 

5.—Chemical determinations the percentage carbon, phos- 
phorus, sulphur and manganese shall made the manufacturer 
from test ingot taken the time the pouring each melt 
steel, and correct copy such analysis shall furnished the 
engineer his inspector. check analysis shall made from the 
finished material, called for the purchaser, which case 
excess 25% above the required limits will allowed. 

6.—Specimens for tensile and bending tests for plates shall 
made coupons from the finished product, which shall 
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have both faces rolled, and both edges milled the usual form 
the standard test specimen, in. wide gauged length 
least in.; with both edges parallel. 


Nickel-Steel. 
1.—Nickel-steel shall made the open-hearth process, 
Plates, shapes Rivets. 
and bars. 
3.—The physical properties required shall follows: 
Plates, shapes, bars and forgings. Rivets. 
Pounds per square inch. 
Minimum. 


Elongation, percentage in., for plates, shapes, bars and forgings; 
600 

ult. strength 

Elongation, percentage in., for forgings per cent. 


and also for rivets min. 


cut from plates, shapes and bars shall bend, cold, 
180°, around diameter three times their thickness, without 
fracture the outside the bent portion. 

cut from forgings in. in.) shall bend, 
cold, 180°, around diameter in., without fracture the out- 
side the bent portion. 

6.—Each rivet rod shall bend 180°, flat, itself, without frac- 
ture the outside the bent portion. 

8.—The fracture all tension tests shall show fine silky tex- 
ture, uniform bluish gray dove color, free from black 
brilliant specks, and shall show sign 

nickel-steel forgings shall properly annealed. 

10.—Annealed eye-bars and similar members, when full-sized 
pieces are tested, shall comply with the following requirements: 


Minimum ultimate tensile strength, 
pounds per square inch.................. 75000. 
Minimum elastic limit, pounds per square inch, 000. 
Minimum elongation ft., including fracture, 12%. 
The fracture shall mostly silky, and free from coarse crystals. 
Full-sized pieces shall bend, cold, 180°, around diameter 
twice their thickness, without fracture. 


7 
| 


MOVABLE BRIDGES 295 


Tool Steel. 


1.—This steel generally used for parts which require hardening 
oil-tempering, such pivots, friction rollers, ball-bearings and 


springs. 
steel shall made the open-hearth crucible 


process. 


Phosphor-Bronze. 


Special phosphor-bronze shall used for high pressures and 
slow speed. 

metal shall have minimum elastic limit compres- 
sion 000 Ib. per sq. in. 

test piece shall cut from coupon moulded and 
cast some portion each casting. pieces shall 1-in. 
cubes, finished. 

composed the following ingredients and 
the following proportions has given satisfactory results: 


Babbitt Metal. 


metal composed the following ingredients and 
the following proportions has given satisfactory results and low 
coefficient friction (0.03 0.04): 


Antimony, the weight the tin and 


2.—Melt the zine and antimony separately. When both metals 
are melted, add the antimony the zine, and stir the mixture with 
iron ladle. The tin then added cold, and, when melted, the 
mixture stirred thoroughly. Before pouring, little sal-ammoniac 


thrown the surface collect impurities. 
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Dart, Am. Soc. (by several years 
the writer has been connected with the construction bascule 
bridges the Chicago River, and, possibly, few notes from his 
experience may interest. 

The question the best type bascule bridge will not 
discussed, the subject being too comprehensive for the time 
available and too dangerous open. will suffice say 
that there are several types, patented and unpatented, and that each 
the very best and cheapest. The variety adopted any 
type (through, half-through deck trusses, plate girders riveted 
trusses, single double leaf, must decided accordance 
with the conditions the site. The single-leaf bridge preferable 
the two-leaf bridge, when practicable. Counterweight pits be- 
low the water level should avoided, possible, but when they 
are necessary, as, for instance, the case highway spans, the 
dirt from the roadway the movable leaf should not dumped 
into such pits. 

Regarding the balancing bascule leaves, the earlier 
bridges Chicago were designed with the center gravity 
front and above the trunnion, necessitating pneumatic buffers 
each end the travel. According the later practice, the leaves 
are balanced accurately possible, that, with wind, they 
are stable any position. Under these conditions, wooden bumpers 
are used, and have given trouble. 

The center lock now used for two-leaf spans either sliding 
bolt, moved motor working one direction only, suggested 
the author, consists rigid tongues interlocking automatically 
the leaves close, and having movable parts. 

One the largest items maintenance for bascule bridges 
carrying heavy highway traffic the cost floors the movable 
leaves. The ideal wearing surface would creosoted 
wooden block pavement, satisfactory means could devised for 
securing such pavement place. Several designs have been 
submitted, but none has been considered worthy trial. Where 
the traffic light and the wear inappreciable, oak plank probably 
the most suitable, will last for many years, when ventilated 
and drained properly. The quality oak obtainable rapidly 
growing poorer, however, and good white oak becoming more 
expensive each year. The City Chicago using, with consider- 
‘able success, patented pavement consisting 1-in. elm strips 
edge, dipped asphaltum and bolted together into sections 
containing from sq. ft. This pavement wears well, and, 
thus far, has shown little tendency decay. 
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The roadway the fixed parts bridge, swing bridges, Mr. Dart. 
does not present such difficult problem, the engineer may 
choose from number well-tried pavements. 

For the sidewalks the movable leaves, 4-in. hardwood 
(maple), laid with open joints, has been found satis- 
factory. Where navigation traffic large, wooden sidewalk stringers 
should preferred, for, when struck boat, the damage 
distortion the structure will confined the point injury, 
and can repaired carpenters readily and quickly; with steel 
stringers, several panels sidewalk may pulled out position, 
and the sidewalk brackets for some distance away may bent. 

Many specifications are lacking definiteness the quality 
the lumber desired. The old-time requirement, which has been 
copied and re-copied for years, specifies all heart lumber, and can 
longer filled. This fact should recognized naming 
definite grade lumber, which can obtained the market, 
accordance with stated well-known commercial inspection. This 
but fair the contractor, gives him basis for estimating 
and for purchasing his material. 

Regarding machinery, one the writer’s greatest troubles has 
been obtain properly fitted keys. The impression seems pre- 
vail, machine shops generally, that bridge engineer has 
idea the refinements engine and machinery practice, and that 
almost any kind workmanship good enough for bridge. 
seems, also, that many bridge shops absolutely impossible 
obtain accurate work. The fitting keys always slow and 
laborious task, running high shop cost, and will slighted, 
not watched. Unless keys are accurately fitted for full side 
bearing, they are certain work loose. 

All machinery for bridges which are moved frequently should 
inspected daily, and all keys should tested, and driven tight 
when necessary. Neglect this precaution may result the loss 
gears, and tie-up the bridge. 

the design machinery, particular stress should laid 
the requirement accessibility for inspection and repairs, with 
especial attention the matter space for driving and tighten- 
ing the keys and for their withdrawal without the necessity 
removing entire shaft with its gears. would hardly seem 
necessary caution designer this point, yet one which 
very often overlooked, and important factor the expense 
machinery maintenance. 

his paragraph toothed gearing, the author requires that 
all cast pinions shall shrouded. alternative method re- 
pinion teeth increase the face, and, most cages, 
the writer considers this method preferable, cleaner castings can 
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obtained, with better opportunity for examining the teeth and 
chipping them, found untrue. The teeth slow-moving gears 
can also strengthened reducing their height, and, the 
ease pinions which make only two three revolutions during 
operation the bridge, the tooth height can cut down 
one-half the pitch, since the wear such parts inappreciable. 
course, this cannot done twelve-tooth pinion, the mini- 
mum limit set the author. 

the writer’s practice, and practice which is, believes, 
quite general, increase the thickness the teeth pinions en- 
gaging racks the expense the rack teeth. very large addi- 
tion the strength the pinion teeth can thus obtained and 
the rack teeth will still the stronger the two. Breakage 
should, course, occur the pinion—the part most easily re- 
placed—rather than the rack. 

minor consideration connection with the machinery 
the question grease cups. cups are generally preferable, 
brass cups are great temptation thieves. The writer knows 
iron cup the market, however, which fully satisfactory. 
has found necessary add leather packing order 
prevent the escape grease around the plunger the cup. 

electrical equipment: the author’s specifications only 
direct-current motors are considered, whereas often found that 
only alternating current available. existing alternating 
current motors are deficient starting torque, they are not suit- 
able for operating structures some size, and hoped 
that satisfactory motor will soon designed, arrangement 
devised, for operating with these motors. The writer informed 
that railroad draw-spans moderate size are operated this way 
the present time, but, probably, these cases, the operations 
are not frequent. When two motors are necessary, the difficulties 
are increased, induction motors cannot operated series. 

The question automatic control for electrically-operated 
bascule bridges debatable one. practically impossible 
make the control absolutely and reliably contacts 
for cut-outs and limit switches are continually getting out or- 
der, especially exposed more less the weather. the con- 
tacts fail only once year, such failure may result seriously. Any 
system complete automatic control will lead carelessness 
the part the operator, and failure any the complicated 
parts such control act might cause accident. the con- 
trol designed that the bridge will not operate case failure, 
the structure may tied the busiest time the day, with 
possibility damage suits account delays traffic. The 
writer, therefore, does not advocate’ full automatic control, but pre- 
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fers simple system limit switches which will act only when the mr. Dart. 


safety points are passed, and, having acted, require some extra 
work the part the operator close the circuits. 

For bridges with two leaves, wise provision 
have the submarine positive-power cables duplicate, but with 
only one return cable. course, also advisable, where possi- 
ble, have two independent sources power, with the wiring 
arranged that both leaves can operated with current from 
either source. The not infrequent interruptions power some 
lecalities often make such arrangement imperative. 

specifying cables, the exact size required should stated, 
their carrying capacity. The least that should done men- 
tion some definite code wire tables, but exact specification 
size will save many disputes between the contractor and the en- 
gineer. 

the paragraph referring safety gates, such gates are called 
for bridges which leave opening the floor when the bridge 
open for navigation. cities with heavy street traffic across 
bridge, gates should always provided for the purpose stop- 
ping the traffic, and they should most certainly provided where 
opening the floor occurs during the operation, even such 
opening closed the leaf when its extreme raised position. 
Gates should arranged that each one can operated in- 
dependently the other, and any order desired, and case 
should they operated automatically the movement the 
bridge. 

The writer desires give credit the Bridge Department 
the City Chicago for many the ideas here advanced, 
through the operation the bridges the city that such ideas 
have been developed. 


Worcester, Am. Soc. (by letter).—This paper 
comprehensive that would surprising few inaccuracies 
had not crept in, and expected that there will many 
differences opinion minor particulars. much easier 
criticise than construct, and the presentation such complete 
treatise the subject affords the Society invaluable oppor- 
tunity collate all the divergent ideas its members. With this 
end view, the writer submits the following suggestions: 

speaking jack-knife draws, the author says: “When the 
bridge closed, one end each girder rests the shoe the 
abutment, while the other end rests the pivot.” This not 
usually the way these bridges have been built the vicinity 
Boston, where many have been used for the last half century. 
though the type has the manifest objection that ties can used 
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300 DISCUSSION MOVABLE BRIDGES 


writer knows—with accident due this lack ties, that, per- 
haps, deserves more complete description. 

The regular form consists deck truss under each rail, 
one more needle-beams under the trusses near the free end, and 
gallows-frame located over the pivots, braced and anchored back 
the shore, which the ends the needle-beam are connected 
cables. The trusses are generally the form wooden Howe 
trusses with unusually wide chords, but, few instances, steel 
Warren trusses have been used. The trusses are unequal 
lengths, with the pivots different distances from the face the 
abutment, that, when the bridge opened, the trusses will lie 
side side over the abutment, the shortest being next the abut- 
ment and the longest against the parapet. When the bridge 
closed, the trusses are arranged bear not only upon the pivot 
and the opposite abutment, but intermediate support obtained 
the face the abutment upon which the pivots are located. 

The needle-beams are hinged the trusses vertical pins 
equal distances from the pivots, and hence are not parallel the 
abutments. They are long enough that the cables attached 
their ends will give proper clearance for the train, and strong 
enough carry the dead weight the bridge. 

The cables their upper ends are connected the short ends 
the levers hinged the gallows-frame, and arranged that, 
pulling down the long end, the bridge raised from the abut- 
ments. The connections between the cables and the levers are 
the same vertical plane with the pivots, and spaced that the 
cables lie vertical planes. fact, all the vertical hinge joints 
are carefully placed produce parallel motions all parts. The 
most difficult parts arrange for this parallel motion are the ties 
between the trusses. These must hinged the center line the 
truss, and, order allow the necessary swing for the ties 
that the trusses may closed together, the ties have 
made with bent ends—§-shaped—which, course, seriously affects 
their strength. 

The bridges are usually operated straight rack attached 
arm, hinged the bottom chord the longest truss and 
carried past pinion vertical axis placed the abutment. 

The writer cannot agree with the author’s recommendation, 
the paragraph “Rack and Track,” that any case the rack and 
track “shall preferably cast one piece.” The rack much 
more likely injured accidentally than the track, and should 
always arranged that segment can replaced without 
disturbing the track. Should not the specifications also provide 
that the patterns for special gearing, such racks, should fur- 
nished with the bridge, that broken parts can easily replaced? 
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important provision with regard bascule bridges when mr. Worcester. 
two leaves, that the ends shall provided with latches suffi- 
cient strength transmit enough shear from either leaf the 
other order equalize the deflection under any condition 
loading. This provision might well introduced the paragraph 
“Bascule and Lift Bridges.” 


The presentation this interesting subject Mr. Schneider will, 
doubt, fruitful much additional information. 

pleasure read set specifications which covers the 
subject completely and such satisfactory manner. The 
writer respectfully wishes confirm and add some the data 
presented, and will class his remarks under the several headings 
given the paper. 

Selection writer believes that, like many an- 
other new idea, the bascule idea and has been overworked, and 
that such bridges are frequently built where they are not needed, 
thus causing excessive first cost and high operating charges. 

addition the three conditions mentioned the author 
precluding the use swing bridge, the following two condi- 
tions should cause the consideration bascule bridge: 

the protection pier proposed swing bridge will render 
valuable dock property useless; 

2.—If the bridge located where the traffic over 
very heavy, and the bridge has opened very often, say more 
than twenty-five times day. 

second condition may very important, account 
the time saved operating bascule compared with swing. 

Rim versus Center-Bearing Types.—The points favor the 
center-bearing bridge are all well taken, and are borne out the 
writer’s experience. 

Until recently, the bridge designers the Middle States have 
given the rim-bearing type the preference. Ten years ago, 
Cleveland, Toledo and Chicago, there were very few center-bearing 
bridges. Since that date, addition the rim-bearing type, the 
bridges built these places have been the center-bearing, com- 
bined rim and center-bearing, and bascule types. 

The only objectionable member center-bearing bridge, 
from the shop superintendent’s point view, the center pivot 
This, for bridges approaching 1000 tons weight, be- 
comes quite large diameter, and somewhat difficult machine. 

the rim-bearing type, designed accordance with good 
practice, usually works out that the number rollers required 
about many can placed under the drum. 
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The matter using plenty rollers important one. 
very few bridges this type all the rollers carry their 
proper share the load, and the writer has seen many these 
bridges which not more than two-thirds the rollers were carry- 
ing any load, the remainder not being contact with the drum 
all, and sometimes three four consecutive rollers being entirely 

very difficult matter get truly conical surfaces for 
faces treads for the drum and the track, and equally difficult 
get the bottom track properly set the field. such cases, 
unit and erected unit, and there but one place for the load 
go. 

The working loose center pivots purely rim-bearing swing 
bridges quite common. the two methods suggested for pre- 
venting this, the writer prefers the second—that rigidly con- 
necting the center the circular track radial struts. This not 
only assures rigid pedestal, but aid the erection getting 
the track circular and concentric with the center pivot. 

The combined rim and center-bearing type costs more than 
the purely rim-bearing type, due the increased cost the pivot, 
radial girders and transverse girders, and, aside from the point 
its favor fixing the center pivot, has nothing particular 
commend it. The detail suggested for the live-ring good 
one. 

the thousand and one devices used for end lifts, the wedge 
far the most reasonable and satisfactory. The proper shap- 
ing the wedge and its seat provides most satisfactory means 
bringing the bridge into alignment and keeping there, inde- 
pendent the latch-pin. 

Power Required Operate Movable Bridges—For mechani- 
cally-operated bridges, safe rule for the amount power 
allow for each tons weight swung. This pro- 
vides ample margin for taking care excessive wind pressures, 
and gives plenty power open and close the bridge rapidly. 
For bridges 300-ft. span, the gear ratios should such that the 
bridge can opened min. from the time the ends are un- 
latched and released. 

The foregoing rule has been checked repeatedly ammeter 
readings taken bridges, the swinging 
weights which have varied from 300 1000 tons. Readings 
these bridges show power reserve sufficient for all possible 
contingencies. usually desirable open and close bridge 
with little delay possible, and this can only done having 
ample power furnish heavy starting torque. 


q 
| q 


303 


DISCUSSION MOVABLE BRIDGES 


The effect wind pressure equal-armed swing bridge Mr. Smith. 
has often been observed the writer. Both observations and 
tests confirm Mr. Schneider’s statement, that may take twice 
much power operate bridge windy day calm 
weather. 

Concerning the use brake electrically-operated bridges, 
the writer has always made this part the equipment, and 
has noted that the bridge operator always uses check and 
control the speed the bridge when the current cut out, 
being great aid stopping the bridge exactly the latching 
point. This brake attached shaft, close the motor 
adjustable weight which controlled foot-lever, the object 
being prevent the operator from setting the brake hard 
wreck the machinery. The connection between the foot-lever 
and the brake weight can usually made the use flexible 
wire rope and pulleys. 

The writer prefers the electric motor the steam gas en- 
gine, reliable source electric current obtainable. 
possible, current should brought the switch-board from two 
independent lines sources, that case one line dead, the 
other will available, the chances both lines being dead the 
same time being very small. 

the bridge operated very frequently, the electric equip- 
ment should duplicate. Each motor should operated 
its own controller, both motors one series parallel controller, 
each motor being sufficient capacity handle the bridge inde- 
pendently the other. With this arrangement, the possibility 
not being able operate the bridge any time very remote. 

The writer has mind electrically-operated bridge with 
but one source electric current. The current failed just the 
operator was opening the bridge, and the bridge and piers were 
damaged seriously the approaching vessel. was first proposed 
remedy this installing the bridge storage battery 
sufficient capacity operate three four times. This was not 
done, but connection was made independent line. 

One point design frequently overlooked, not properly 
taken care of, and that the brackets and bearings for the rack 
pinion shaft. Usually, these brackets and bearings are made en- 
tirely too light. examination about swing bridges, few 
years ago, showed that repairs and reinforcement had been made 
this point nearly every one. This particularly true 
power-operated bridges. These brackets and bearings should 
designed, not simply strong enough withstand the strain due 
the bridge, but withstand the maximum possible torque 
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that the motor, engine, brake can develop. The brackets should 
preferably steel castings, cast one piece. 

For bridges operated hand power, usually develops that 
one man, using force lb. the hand-lever and moving 
the rate 200 ft. per min., can swing 150 tons bridge through 
90° min. Hand-operated bridges rarely weigh more than 300 
400 tons, and two men can open such bridge min. 
Tests made rim-bearing bridges the poorest design confirm 
the statement that this amount power ample. 

Concerning the amount power assumed 
the strength gearing, the writer would suggest that, addition 
the power one man being taken 125 one should multiply 
that weight number equal many men possible 
place the hand-lever. 

The writer has seen pinions, amply strong enough swing 
the bridge, have their teeth all stripped from them when the first 
attempt was made open the bridge the spring. The bridge 
would not move, and additional men were asked lend hand 
until something did move. 

noted that cast steel may used for wedge 
bearings, and that steel steel for sliding surfaces not 
desired. Has anyone ever had any trouble with cast iron sliding 
cast steel, when used for wedge surfaces? 

noted that Mr. Schneider. has strong objection the 
use bevel gearing, and the writer hopes that additional infor- 
mation will given. has never had any trouble with cast 
bevel gears, except where the ratio between the pinion and gear 
was unusually large. 


Hess,* (by very general acceptance 
Mr. Wilfred Lewis’ discussion the strength gear teetht 
would make the adoption his formula seem desirable speci- 
fications like Mr. Schneider’s. 

Bach’s formula applies correctly only the discussion 
pinions with from teeth, while Mr. Lewis’ formula ap- 
plies, with equal accuracy, gears with any number teeth. 
Where the gear ratio considerable, and analysis the pinion 
tooth only required, Bach’s formula all that can desired; 
the other hand, when analysis the gear tooth required, 
as, for instance, with shrouded pinion, where the pinion and 
the gear are different materials, where the pinion has large 
number teeth, then Bach’s formula fails. 

Mr. Lewis’ formula, when applied 15° involute teeth, 
the same form that given the specifications, except that 


Assistant Professor Machine Design, Cornell University. 
Proceedings, Engineers’ Club Philadelphia, 1893, 
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(0.124 
gear under consideration. 


The fiber stress reduced the speed the gears increases; 
Mr. Lewis recommends that the fiber stress reduced according 


n 


600 
the formula, where the linear velocity, the 


pitch circle, feet per minute. This close accord with the 


factor given the specifications, 


general, for “cut” gears, the pressure can assumed 
distributed over the entire width the tooth. Cast gears and 
“cut” gears which the support likely deflected 
ciently cause the tooth pressure act the corners, should 
limited face width from one and one-half two times 
the circular pitch. 


cently had occasion make some tests the power required 
operate double-track swing bridge, and submits herewith the 
data and results contribution the discussion Mr. 
Schneider’s most excellent paper. 

The bridge tested was the Baltimore and Ohio Railroad double- 
track swing bridge crossing the Calumet River, Chicago, 


Width, from center center trusses. 
Pitch diameter rack............ 


Center pivot—diameter disk........ ft. in. 
Total load pivot—bridge swinging... 1240000 
Operating Power....Two General Electric 
motors, efficiency, 
85%; rated speed, 470 rev. per 
min.; 500 volts, direct-current. 


The bridge revolves center pivot which carries the entire 
dead load. When under traffic, the load the center pivot 
partially relieved wedge arrangement which supports the center 
cross-girders. The ends the bridge are raised jacks instead 
wedges, these jacks being operated toggles arranged 
convert horizontal motion direct vertical lift. 

The tests, which were personally conducted Edwards, 
Assoc. Am. Soc. E., were made February 20th and 
1907, the temperature ranging from 35° fahr. The results 
these tests, given herein, are averages from four six 
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operations, and show the indicated horse-power determined 
simultaneous readings the volt meter and ammeter. The entire 
current passed through the ammeter before being divided for the 
two motors, that this reading gives the indicated horse-power, 
whether one motor both were used. many readings pos- 
sible were taken during each operation, and the results these 
readings were averaged. The readings were taken swinging 
the bridge through are 90°, from the instant starting 
the instant stopping. 
The following the time required: 


The acceleration took place almost uniformly are 10°; 
the uniform motion was through are almost 70°; the retarda- 
tion took- place from degrees. 

The average indicated horse-power required swing the bridge, 
and closed, was: 


The retardation was accomplished shutting off the current and 
the brake. 

the efficiency the type motor used about 85%, the 
average effective horse-power for swinging the bridge was: 


Martin Gay, Am. Soc. (by the hope 
contributing something useful the subject Mr. Schneider’s 
very valuable paper, the writer feels moved offer some observations 
from the point view engineer who has been charged with 
maintaining, for some years, number heavy swing bridges. 

has been particularly impressed the fact that economy 
first cost adds greatly the expense maintenance—economy, 
not only workmanship but material—and ventures 
submit that, however praiseworthy efforts that direction may be, 
and however great the pleasure engineer may take the nice 
proportioning the members structure their work, such 
efforts are misplaced the design moving bridge. The more 
rigid and unyielding the base, well the moving parts, 
turn-table, the easier and cheaper will its maintenance. 

The proper preparation the top the pivot pier under the 
track not expensive matter. can bush-hammered such 
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level surface that the bed-plates will have practically perfect Gay. 
contact with the stone. The bed-plates should planed top and 
bottom parallel surfaces, and both surfaces the wheel treads 
should machined accurately. 
heavy cover-plate the lower flange the drum, breaking 
joint with the flange angles and with the segments the upper 
wheel tread, while offering some difficulties construction, will add 
very much the stiffness the tread. 
very common practice make the joints the base 
turn-table with shims, red lead, some kind cement, which 
will eventually work out. This should not tolerated, the 
necessity for evidence bad workmanship which proper 
shop inspection would have detected. The members should fit ac- 
curately, metal stone and metal metal, without the inter- 
position any filling. 
not the skill man make absolutely perfect 
machine, probable that rim-bearing bridge has been built 
which every wheel carries its full share the load all times, 
and happens frequently that several wheels together carry 
load. Therefore the drum should very stiff. course, will 
high conditions permit, and may advisable space 
the web stiffeners much closer than usual fixed plate girders. 
The drum should also thoroughly braced against deformation, 
struts radiating from the pivot. 
Embedding the center casting concrete does certainly inter- 
fere with its moving its base, but, Mr. Schneider remarks, 
“it does not prevent the pushing, pulling and wearing around the 
collar the pivot,” nor does prevent the overturning the 
the drum has tendency movement. 
course, the center casting should secured place 
bolts, any other means available; but the best insurance 
against its movement, and the eccentric motion the bridge, with 
attendant damage the turn-table, substantial, well-designed 
live-ring system, the best workmanship. should built 
the lines indicated the paper, and should well braced and 
rigid, that, wheel series wheels, through maladjustment 
accident, tends roll out the true orbit, will not able 
deform the ring, leave its proper position the track. 
One the most frequent, annoying, and sometimes expensive 
repairs made necessary the inadequate fastening the pinion 
bracket the drum. The bracket itself should more massive 
than may appear necessary the draftsman his table, and, 
the opinion the writer, should built structural shapes 
rather than cast from iron steel. should strongly fastened, 
rivets possible, and further secured long horizontal brackets 
attached the lower flange the drum. The pillow-blocks and 


7 
7 
| 


Mr. Gay. 


Mr. Modjeski. 


308 DISCUSSION MOVABLE BRIDGES 


should fastened with steel bolts, turned driving fit, 
reamed holes. These remarks the inadequate fastening 
pinion brackets apply center-bearing bridges also, the writer 
having had trouble this nature with one recently built. 

with diffidence that the writer ventures disagree with 
Mr. Schneider even the comparatively unimportant matter 
shaft couplings. The arguments favor loose couplings are 
sound, and yet, number bridges varying lengths and 
construction, pin-connected span 400 ft., trouble has 
been experienced with rigid flanged couplings; whereas, with claw 
couplings, there some lost motion, there usually disagree- 
able chatter, and they have been known fail. fact, the writer 
usually keeps hand few flanged couplings with which re- 
place the claw couplings when necessary. 

Another matter, quite unimportant until viewed very fre- 
quent item repairs, the securing gears, couplings and 
collars the shafting with keys and set-screws. What virtue there 
placing keys and set-screws angle 120° with each 
other not apparent, but, there any advantage that position, 
should known, and will undoubtedly adopted; but, until 
the superiority 120° over 90° made clear, probable that 
engineers will adhere the old, well-established practice, sanctioned 
experience. 


equal importance has received less attention the way pub- 
and discussion professional papers than the one treated 
the author. all the so-called standard specifications for bridge 
superstructures clauses relating movable bridges seem have 
been carefully avoided, and yet such bridges constitute the most 
expensive part railroad, both first cost per foot track 
and maintenance and operation. The subject quite com- 
plex, covering great variety structures under variable condi- 
tions. Mr. Schneider’s very clear and concise paper valuable 
because embodies, probably, the first specification 
movable bridges, and because opens the field for thorough dis- 
cussion. 

With regard end lifts, the author expresses his preference 
for wedges, and does not recommend “that kind end lift which 
supports the ends the bridge, when closed, rollers, toggle 
joints links.” The writer has used rollers quite successfully. 
Plate shows the roller end lifts used him the 
Island Railroad and Highway Bridge which have given entire 
satisfaction. will noticed that the lower casting has inclined 
instead horizontal bearing surfaces; and that each roller, when 
the span fully raised, comes into contact with convex surface 
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Mr. Modjeski. 
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which acts stop. this arrangement, when the end the mr. Modjeski. 


span fully raised, the contact between each roller and the bed- 
plate area, and not line the case many roller lift 
designs. This device has the further advantage centering the 
span and locking automatically; and there less frictional re- 
sistance than when wedges are used. Owing the sloping bear- 
ing surfaces the bed-plates, the rollers tend remain place 
when set. 

The writer presents, Fig. design for end lift 
entirely different character, which will used for 462-ft., double- 
track span over the Columbia River, and also for 521-ft., double- 
track span over the Willamette River. The toggle has been made 


very powerful and substantial, and suitable for heavy loads. The 


bearing takes place nest segmental expansion rollers which 
right themselves whenever the bearing blocks are raised and the 
pressure removed. this design has not yet been installed, and, 
therefore, has not received the sanction trial, the writer will 
abstain from discussing herein. Both these devices dispense with 
the automatic latches required Mr. Schneider’s specifications. 
has been the writer’s experience that such latches, effective 
holding the bridge truly lined up, must have very little play when 
locked position, and, therefore, must always produce certain 
shock locking, and this the writer believes objectionable 
heavy bridges. 

The author calls for rail-lifts his specification. The writer 
believes that the rail-lift will soon entirely superseded safer 
devices; one them recently recommended for adoption by, 
least, one important railway system, essentially the same the 
rail-lock used the writer, first the Rock Island draw, and, 
later, all draw spans designed him. 

Fig. shows the rail-lock which will used the Columbia 
and Willamette River draw spans. The principal advantages are: 
Practical continuity the rail over the gap—the key shaped 
that raises the wheel slightly before reaches the end the 
gap, and sets down the second rail some distance from its end; 
and the rails are permanently fastened the ties. 

sliding-key rail-lock was used the old Rock Island draw 
span before its reconstruction. the writer’s design, the old 
form lock has been modified making the key beveled length- 
wise and crosswise top, instead level, and providing more 
efficient guide-bars. 

has recently been called upon design several bascule bridges, and 
will take advantage the author’s invitation discuss this feature 
the paper. 


Mr, Watson. 
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Mr. Watson. The bridge illustrated Fig. single-leaf highway span, 
166 ft. from center center bearings, now under construction 
Buffalo, this design, the balance maintained de- 
tached counterweight, moving vertically between fixed guides at- 
tached tower which carries two 10-ft. cast-steel sheaves, over 
which pass twelve plow-steel cables, which pass around grooved 
tracks attached the trusses, and placed that the lever arm 
the ropes about the point rotation maintains constant ratio 
the lever arm the center gravity the moving span. The 
counterbalancing scheme this bridge, well the hydraulic 
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operating machinery, the design Brown, Am. Soc. 


The bridge illustrated Fig. design proposed the 
writer for similar structure, the idea being secure tower which 
would symmetrical and attractive appearance, and also 
produce economical design. this design, the cables are at- 
tached fixed points the trusses, and pass around sheaves 
the proper diameter, being securely fastened thereto. The counter- 
weights are carried chains, built steel plates and pins. 
These chains pass around, and are wound upon, spiral sheaves 


mounted upon the same shafts the first-mentioned sheaves. 
The reason for using chains instead cables for hanging the 


counterweight that such chains can wound around drum 
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very small diameter, much smaller than would advisable the Mr. Watson. 
case cables. 
further advantage this design the simplicity the 
operating mechanism, for, placing the trunnion far enough 
back, that the forward, positive, moment the span will al- 
ways excess the backward, negative, moment the 
wind pressure, possible operate the bridge pinion enga- 
ging gear attached directly the shafts which carry the balancing 
sheaves, and operated the usual electric motor and gear trains. 


Pinion / 


Drums for chains or cables 
attached to span and spiral '- ! 
drums for chain supporting) 
counterweight 


Double Tower Counterweight 
between T. Legs 


Conerete and Steel 
Counterweight 


+ Qperating Trunuion ‘Tress beara here High 


A 


tio, 


THE WATSON BASCULE BRIDGE 
Fic. 4. 


With such design, practicable use counterweight 
less than half the weight that ordinarily used bascule bridges 
having attached counterweights, with consequent reduction 
stresses the structure and the machinery, and less load the 
foundations. 

discussing these designs with other engineers, the writer has 
discovered that there exists, among bridge engineers, very strong 
prejudice against the use cables and chains, and this 
prejudice which desires particularly call attention, order 
discover, possible, the reasons therefor. has been his ex- 
perience, and his firm belief, that nothing will give more satis- 
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factory service than chains and cables for such uses, provided that 
they and their sheaves and fastenings are proportioned properly. 

The writer uses value 800 lb. per sq. in. for the bearing 
axle steel phosphor-bronze the case slow-speed bearings, 
instead the given the author. 

Plate XXXII illustrates simple, trunnion, deck-bascule span, 
designed the writer for the City Toledo. the writer’s 
opinion that the simple trunnion type for deck bridges has been 
neglected engineers, suffering, perhaps, from the fact that 
not patented type, and, therefore, has not been strenuously ad- 
patentees. There are doubtless cases, where, reason 
limited clearance conditions, advisable hinge the counter- 
weight, order make its path travel conform the said 
clearance conditions, but, when possible attach the counter- 
weight the moving span securely without increasing its amount 
materially, seems the writer that the advantage simplicity 
design far outweighs any advantages gained hinging 
the counterweight. 

regard controllers for operating double-leaved bascule 
bridges, the author’s specifications call for controllers the series- 
parallel type. Now, usually desirable, and required, that 
single operator shall able operate both leaves from one side 
the bridge, controllers this type require great number 
wires large capacity carried conduits under the opening. 
Cannot this result attained better using automatic controllers 
operated two master switches, which would require much less 
wiring under the river, and, seems the writer, safer method 
control? 


the capacity Designing and Consulting Engineer, has recently 
completed, for the Chicago and Alton Railway Company, over the 
South Fork the Chicago River, double-track bridge the Page 
bascule type, having single leaf 150 ft. length (Plates 
and XXXIV). 

With regard the proper wind pressure used the 
design bascule bridges, the writer knows reliable informa- 
tion, but this should available, considering the number bascule 
bridges which have been built during the last few years. From 
observation during the operation the Chicago and Alton Bridge, 
with wind velocity exceeding miles per hour, the ammeter in- 
dicated but little increase the power required. The writer be- 
miles per hour, ample. 

bascule bridges the Page type the operating machinery 
longitudinal and transverse girders, the latter being 
the inside counterweight girders, and the power 
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transmitted the movable leaf pinion engaging rack Mr. Hughes. 


which bolted the track girder, the latter being connected 
the chords the trusses the movable leaf. The shaft, which 
this pinion keyed, also the rollers, which transmit the 
counterweight the track girder. This shaft consists hollow 
steel casting, in. diameter, the hole being in. The size 
this shaft fixed the area for the bearing the rollers, which 
have phosphor-bronze bushings, the allowed pressure being 
per sq. in. These rollers make less than three revolutions open- 
ing closing the bridge. Mr. Schneider’s specification allows, for 
moderate speeds, only 600 per sq. in., and, for trunnion bearings, 
2000 per sq. in. The writer the opinion that the former 
too low and the latter too high. the design the Chicago 
and Alton Bridge, used for the trunnion, more particu- 
larly for the purpose insuring proper lubrication, this being 
more difficult the case the trunnion from the fact that makes 
less than one-fourth revolution opening closing the bridge. 

The rule given Mr. Schneider for the size keys would 
hardly applicable 24-in. shaft, which would require two 
keys, each in. The keys used for the 24-in. shaft the 
and Alton Bridge were in., and were considered 
ample. This, however, may special case, the diameter the 
shaft was fixed give the proper bearing area for the rollers. 

When motor power used for the operation bridges, 
the writer the opinion that desirable use two motors, 
each sufficient capacity handle the bridge, possibly some- 
what reduced speed, with one motor only service. This adds 
slightly the first cost the bridge, but practically nothing the 
cost operation, and makes far less the chances the bridge be- 
ing thrown out service, due possibly the armatures burning 
out, some other accident the motor. When two motors are 
used, each with sufficient capacity operate the bridge, would 
hardly reasonable design the machinery with the usual factor 
safety for the full capacity both motors; although, doubt, 
some additional allowances should made, say 50%, which would 
provide amply for depreciation due wear. 

most practical guide the design movable bridges with which 
the writer acquainted. The author’s conclusions are sound, but 
feared that the limitations placed him upon certain 
types swing bridges will taken, some, mean more than 
was, perhaps, intended. 

Jack-knife and shear-pole bridges can readily built with 
clear openings ft. This will immense amount 
navigation under certain regulations. Wider openings are needed 
navigable rivers, but around harbors, where draw-bridges are 
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oftentimes very numerous, narrow openings are, some accounts, 
distinctly advantageous. 

Shear-pole draws cannot used advantage except for narrow 
highways and single-track railways. Two tracks can, course, 
accommodated two independent structures swinging opposite 
ways. draws may coupled for four tracks, and, 
using two structures swinging opposite directions, eight 
adjacent tracks may handled, done the Boston and Maine 
Railroad Boston. 

The unbalanced feature these two types swing bridges 
their worst point. While swinging, they must held guys 
braces, both. The lack stable attachment for these supports 
limits the available span such structures. Proper connection be- 
tween these attachments and the heel the trusses the key 
the successful operation these bridges. Their advantages are: 
small first cost, quick operation, and less space required outside 
the tracks than for other kinds swing bridges. 

The rim-bearing swing bridge deserves advocate who will 
class little higher than the author, and, doubt, the dis- 
cussion, advocate will appear who can handle the subject much 
better than the writer. 

true that less power required turn center-bearing 
bridge than one bearing rim; and, the bridge turned 
hand, the former type should selected. mechanical power 
used, the difference the amount required little importance. 
Rim-bearing bridges will give trouble the pier not firm and 
intact; and either kind will give trouble not properly built. 

circular drum doubt excellent and very natural feature 
carry the upper track rim-bearing bridge, but not 
essential. not unusual attach the upper track the carry- 
ing girders and corner girders attached them. this case 
well make the top track horizontal plane and set the roller 
axes inclined. the diameter the rollers made small, excellent 
results are obtained. 

essential that the pier for rim-bearing bridge should 
masonry which will remain place and hold rigidly the parts 
attached it. With this condition fulfilled, very good results have 
been and can obtained without connecting the center and lower 
tracks, recommerided the author. Such connection, although 
excellent itself, will somewhat difficult and objectionable with 
stone masonry. With cdncrete, the contrary, the bracing can 
built into the masonry, and the objection pertaining stone- 
work will avoided. 

There are service many rim-bearing bridges which are giving 
excellent results, and they can built this, the details are 
good, without unusual refinements workmanship. 


— 


PLATE XXXIV. 
TRANS. AM. SOC. ENGRS. 
VOL. LX, No. 1071. 
MOVABLE BRIDGES. 


GENERAL 


OVER SOUTH FORK CHICAGO RIVER 


DISCUSSION MOVABLE BRIDGES 317 


Cooper, Am. Soc. (by charac- Mr. Cooper. 
ter the foundation and masonry the pivot pier must often 
determine the question preference between “center pivot” and 
swing bridge. Any uneven settlement will disable 
rim-bearing structure. pivot pier with hearting inferior 
masonry unsuitable for bridge. Many the 
unsatisfactory results the past have been due neglect these 


points. 


Rim-bearing tables, also, general rule, have been built upon 
false mechanical assumption: that set coned wheels will run 
true between two coned rings, one which rigidly held place 
being secured the masonry, while the other upper ring 
attached more less flexible structure, the bridge floor and 
trusses. The least distortion this upper ring makes im- 
possible for the coned wheels run true. The result distorting 
and racking strain, upon the radial arms and the guiding center, 
which frequently very severe and destructive. 

This difficulty readily overcome, was done the writer 
1883 (Second Avenue Bridge over the Harlem River, New York 
City), canting the coned wheels, that the top line horizontal 
and all the coning put the lower ring segments. (Fig. 5.) Dis- 
tortion the bridge cannot affect the perfect action the wheels, 
such distortion can only take place horizontal direction. 


\ 
S 
Fie. 5. 


318 DISCUSSION MOVABLE BRIDGES 


Mr. Cooper. Fig. also shows the spring plates used distribute the load more 


Mr. Christie. 


uniformly over the several wheels. 

The frictionless wedge, Fig. used first this bridge, the 
writer still thinks has some merit. also thinks toothed gear 
very unsuitable for movable bridges, and that should avoided 
wherever possible. The back-lash the teeth allows much free 
movement the ends the trusses that the bridge not under 
full control high winds. With both rim and center-bearing 
draw-bridges, has preferred parbuckle them with wire ropes 
operated hydraulic machinery. 


6. 


swing bridges usually considered desirable fit them 
for swinging 180 degrees. While this has the merit allowing 
the bridge open one arm advance the vessel, and follow 
and close the opening with the other arm, accompanied 
with more less danger the railroad bridges. Any 
shifting the center the tracks, any unequal expansion 
the trusses may interfere with the proper matching the rails, 
when the bridge swung 180 degrees. 

James Am. Soc. (by Schneider 
deserves the thanks the profession for his painstaking labor 
dealing with this subject which involves much intricate detail. 

Bearings.—The specifications imply that bearings unhardened 
steel may used provided with metaline plugs. When both sur- 
faces are soft steel, the particles have such decided tendency 
interlock seize, however efficient the lubrication may be, that 
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safest prohibit the use this material direct contact, excepting Mr. Christie. 
occasionally, for brief periods, and slow velocities. 
Toothed gearing should constructed and 
mounted such way that the pressure distributed over the 
whole width the tooth, even with uncut teeth. The old assump- 
tion, that the pressure will probably borne one corner 
tooth, unwarranted good practice. 
The author’s statement, that “Gear wheels should designed 
the assumption that one tooth transmits the whole pressure,” true 
for pinions with minimum number teeth, say twelve, but, the 
number teeth increased, some reinforcement added the 
resistance the teeth. This depends somewhat the shape the 
used, but, approximately, amounts permissible increase 
pressure for each successive tooth, over the minimum num- 
ber twelve. While specifying involute teeth, would desirable 
add the words, “shaped accepted interchangeable standard.” 
The specifications (Table give working unit strains bend- 
ing for cast iron 6000, and per sq. in., and 
lb. adopted basis for the strength toothed gearing. Owing 
the great difference between the tensile and compressive strengths 
cast iron, its resistance bending high, compared with 
metals much higher tensile strength. For example, old specifi- 
cation for ordinary cast iron—and one readily requirement 
center-breaking load 500 lb. specimens in. square, and 
in. between supports. This equivalent modulus rupture 
000 therefore, when the bending strain teeth limited 
about one-eleventh the ultimate bending strength 
ordinary cast iron. 
For several reasons, desirable keep the pitch spur gear- 
ing small safe, and the formula the specifications involves 
greater pitch than known satisfactory current practice. 
known that some reduction tooth pressure requisite the 
velocity increases, and this decrease appears approximately 
the ratio the square root the velocity. The following formulas 
give results about one-fifth the ultimate for the respective mate- 
rials, and have stood satisfactorily the test prolonged practice: 
000 
000 


for steel castings, 000 000 tensile strain; 
Vv v 
000 for steel 100 000 tensile strain, 


for ordinary cast iron; 
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these expressions, the working pressure the tooth, 
pounds per inch face; otherwise, the notation the same the 
specifications. The lowest speed assumed ft. per min., and 
increase pressure allowed for lower velocity. Soft steel, 
owing its tendency seize and cut, should not used high- 
speed gearing. The rules apply pinions with the minimum num- 
ber teeth, and, when this number exceeds twelve, increase 
pressure, heretofore given, may allowed. 

The author states that the same values shall permitted for 
cast iron and bronze, but this would depend much the kind 
bronze. might suggested that this equality limited com- 
mon brass, and that higher value assigned high-grade bronze, 
suggested the foregoing rules. 

Permissible Unit Pressures for Moving Surfaces, limi- 
tation pressure depends such variety conditions that 
impossible frame general rules the subject. Calling the 
pressure, pounds per square inch, and the rubbing velocity, 
feet per minute, the product, pv, practice, found vary from 
less than more than 400000. believed that this prod- 
uct may greater when small and large, than the oppo- 
site case, where the velocity comparatively slow and the pressure 
high. Assuming that the surfaces contact have been fitted 
accurately, gradually worn judicious service, bear uni- 
formly, then the value depends on: The certainty lubrica- 
tion, the practicability artificial cooling, the amount wear that 
can permitted, and the constancy pressure one direction, ete. 

For example, for crank pins and similar bearings, where the pres- 
sure alternates, and ample facility given for lubricants pene- 
trate between the rubbing surfaces, value 400000 for 
common and satisfactory. Whereas, the neck bearings rolls 
modern rolling mills, with the usual unfavorable conditions attend- 
ing such service, 400000 common practice, but 
panied rapid wear bearing boxes which could not tolerated 
machinery where greater permanence the bearings was essen- 
tial. 


general rule, for ordinary journal bearings, moderate 


000 


velocity, with good practice. The coeffi- 


cient the numerator can increased 100000 and more for 
high velocities without undue wear, or, when the pressure alternates 
and the velocity high, with crank pins, this coefficient can 
carried safely between 300000 and 400 000. 

the contrary, with slides and similar parts, where, 
for manifest reasons, wear must small, the figure should not ex- 
ceed 000. 
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Bearing Values for Surfaces Motion.—The values given 
Mr. Schneider are generally judicious and safe, excepting the provi- 
Even with the 
ne 
best material, unless stream lubricant forced between the 
step-plates, this unit pressure appears excessive. avoid over- 
heating, and provide reasonable endurance, one-half the specified 
pressure would safer. might suggested that the coefficient be’ 
reduced 80000 for moderate between 100000 and 
120 000 for high speeds. 

For center-bearing turn-tables, both conical rollers and step-plates 
have proved troublesome. Short cylindrical rollers, 
placed radially between parallel plates, are now used machinery, 
with apparently good results, notwithstanding the seeming objections 
this method. 

The unit pressures for cylindrical roller bearings, allowed the 
specifications, are conservative, the figures for the different mate- 
rials averaging about one-fourth part the respective elastic limits, 
the lines greatest pressures; and instances are known where 
the pressure has been carried nearly the elastic limit roller 
bearings low speeds, without trouble. 

How much the pressure should reduced the velocity in- 
creases, ball and cylindrical roller bearings unknown, and there 
diversity opinion the subject. 

Steam should the piston speed the engine 
limited 200 ft. per min.? least double this piston speed ac- 
cords with safe practice, and the low piston speed specified, implies 
larger and more wasteful engines than are necessary. 


serves great deal credit for presenting this elaborate and 
valuable paper—the first its kind ever published United 
States—respecting subject which little has been written. 

selecting the type movable bridge for any existing con- 
dition, the swing bridge, all means, should have first considera- 
tion; and the conditions are such that only one opening re- 
quired, that the pivot pier can located near the shore, 
bridge with unequal arms should selected, the short arm being 
counterweighted some comparatively cheap material, such con- 
crete. number heavy double-track railway swing bridges have 
been built this plan, which deserves the highest con- 
sideration presents certain advantages which are not generally 
understood. 

the turn-table adopt for swing bridge, the center- 
bearing type should always receive first consideration. The author 
was probably the first use form turn-table, the United 


sion for the step-bearings pivots, viz., 


Mr. Christie 


Mr. Schaub 


Mr. Schaub. 
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States, applied long and heavy spans, that his preference 
well known, but his argument its favor not strong enough. 
When the advantages the center-bearing swing bridge become 
fully understood, will used the exclusion all other types. 
the author says, only such for long double-track 
spans, spans where the width roadway very large, that the 
center-bearing turn-table becomes impracticable, owing the great 
depth required for the directly over the pivot. 

Another encountered heretofore has been the suspension 
the entire load from the pivot adjustable hangers, and its 
distribution equally among them. This difficulty disappears 
superimposing the load the pivot, which should previously set 
the required level, and, throwing the vertical adjustment into 
the side bearings, adjustment required the pivot. Also, 
making the side bearings adjustable, the wedges are entirely elimi- 
nated, thereby simplifying the operating mechanism. this case 
four side bearings are used, instead two, placed equi-distant and 
forming square upon the four corners which the bridge finds 
reaction for the moving load only. the same time, these sup- 
ports serve steady the bridge when open closed, and also 
shorten the span for the moving load. Moreover, the center pier 
now becomes square instead round, thus requiring less masonry 
and costing less per yard. addition this, where protection 
provided, and down stream, the wales can run the 
full face the pier. advantages are fully realized 
double-track bridge, where the diameter the center pier becomes 
important item determining the length the span required 
give certain opening. 

recent case, requiring single opening 150 ft. wide, 
rim-bearing turn-table had been used, the diameter the center 
pier would have been ft., and the length the bridge would 
have been 350 ft. using center-bearing turn-table, above 
described, the center pier became ft. square, requiring 20% less 
masonry; and, using unequal arms, the length the bridge was 
reduced from 350 250 ft., involving saving 10% the 
superstructure. Moreover, this the distance from base 
rail masonry was limited, that rim-bearing turn-table would 
have been impracticable. 

The trailing wheels, from in. diameter, given 
the author, should increased diameter, for the longer spans, 
and the writer would suggest that their diameter, inches, should 
equal the length the span, feet, divided ten, but should 
never less than in. The larger wheels will reduce the fric- 
tion, resistance turning, and are more keeping with the 
large wheels used center-bearing bridges abroad. 
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Regarding the end lift, the writer prefers the rocker, Mr. Schaub. 
lift, known the West the Sabula end lift (Fig. 7). When 
the shaft turns, the ends the span are raised lowered 
the amount eccentricity the shaft. This form end lift 
permits the end the span move freely, when the length changes, 
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owing expansion contraction, without sliding the pier. 
This design originated with the late Shaler Smith, Am. 
E., and was first used more than twenty-five years ago the 
bridge over the Mississippi River Sabula, the Chicago, Mil 
waukee and St. Paul Railway. This form ‘end lift has all the 
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advantages the wedge, and particularly applicable long 
spans, and all spans that are rarely opened, inasmuch the hori- 
zontal movement the end the span not transmitted the 
masonry. 

the author says, center-bearing bridges with unequal arms, 
advantage have the end lift only under one end. This 
should confined the long end; and can shown that, 
the short end made less than one-half the length the long end, 
the short end will actually rise when the long end free, that 
not necessary ‘give the long end excess weight order 
tilt the bridge when swinging. 

Rail-lifts should avoided all cases, they are menace 
the safety train passing over them, was shown the 
Atlantic City disaster. track rail bridge should loose, 
especially the ends swing span. Instead rail-lifts, the 
writer uses rail-wedges, which are really movable rail-splices, there- 
making the rails continuous, and the same time serving 
line the track rails. automatic latch used for lining 
the bridge, but the rail-wedges are used line the track rails, 
absolutely, the exact alignment the bridge not vital im- 
portance. the same time, these rail-wedges are interlocked with 
the distant and home signals, that impossible for the 
operator break the continuity the track rails without showing 
the signals danger. This the ideal rail-splice for the ends 
swing span. 

Regarding the power required operate swing bridge, the 
formulas and the coefficients for friction given the author are 
commended, and are practically equivalent those used 
the writer. mention, however, made the collar friction 
the hubs the rollers rim-bearing swing span. This resistance 
turning represents the effort necessary keep the rollers line 
the track, and forms important item estimating the power 
required operate rim-bearing swing span. This was found 
the case the experiments made Messrs. Boller and Schu- 
macher the Thames River Bridge. For example, assuming the 
values for collar friction 0.10 and 0.05 for starting and moving, 
respectively, and assuming the value for rolling friction 0.003, 
the collar friction 300-ft. swing span recently built was found 
more than the rolling friction. 

The resistance overcome the inertia bridge turning 
forms important item, and varies directly with the time 
velocity. The writer made some experiments recently the Adams 
Street Bridge, Chicago, with the view determining ammeter 
readings the percentage power required overcome the inertia. 
compared with the total power required, and the following arc 
the results: 
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The first operation required sec. turn degrees. Mr. Schaub. 
Average four readings during acceleration.... amperes. 

uniform motion. 

Power absorbed inertia 87.5% total. 


“ “ “ “ “ 


The second operation required sec. turn degrees. 


Average five readings during acceleration amperes. 
Power absorbed inertia 84.4% total. 


railway-type motor was used; voltage, direct-current, 
600 volts; date, June 1st, 1907; temperature, 50°; wind, north, 
blowing miles per hour right angles the bridge. 

300-ft. swing span recently built, the writer estimated the 
power required avercome the inertia turning the bridge, through 
90° sec., the total effort the rack circle, assum- 
ing the time for acceleration that the proper 
theoretical consideration, view the foregoing experiments, 
cannot very far from the truth. should explained, that, 
view the large power required overcome the inertia, 
provision need made overcome wind pressure; but this does 
not apply bascule bridges. 

Under details design for machinery, the author specifies 
claw couplings for shafting. writer prefers ordinary flange 
couplings, they have lost motion. some cases where the 
the shaft was very small, has used pipe sleeve 
bolted turough right angles the shaft. This serves very well, 
especially cases where the room for the shaft did not permit 
flange coupling used. 

Under unit strains, values are given for both torsion and shear. 
Inasmuch torsion produces true shear, distinction should 
made between torsion and shear, that the values should 
given for shear only. The values given for journal bearings are 
sufficiently low provide for all speeds less than 150 rev. per 
min., that provision need made for heating and seizing 
the shafting movable bridge, such speeds are rarely ex- 
ceeded, except perhaps the motor shaft, where any event 
the maker usually provides special bearing. 

The provisions for the electrical equipment are excellent, and 
will serve guide for any case that may arise. 

The specifications requirements given for special metals, 
such phosphor-bronze, steel castings, steel for axles, etc., are 
excellent, and should commended. The author deserves the 
thanks all who have felt the need guide some kind 
designing movable bridges. His paper inestimable value. 
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comments Mr. Schneider’s very interesting paper are confined 
entirely the electrical features. 

Electric the paper recommends the method 
used computing the power the machinery for operating 
bridge, would seem leave blank space the motor specifica- 
tions for the rating the motor. the duty the motor 
all intermittent, its continuous capacity not important, 
and sufficient specify that shall capable developing 
the maximum torque required during time necessary 
open the bridge without heating beyond specified amount. 
provide for contingencies, desirable specify over-load re- 
quirement, but, all this would for very short time, 
the heating this over-load unimportant, but the commutation 
should not bad. The specifications could also state the voltage 
the used supply the motors. never satisfactory 
give merely load requirement without limiting the temperature, 
the term “injurious heating” too indefinite. permissible, 
however, use the term “injurious sparking” when referring 
commutation, inspection after operation readily shows whether 
the sparking has really been injurious the extent pitting 
burning the copper, insulation, brushes. 

does not seem necessary require duplicate spare parts 
for each motor, and the writer suggests changing this requirement, 
and for spare parts for motors each different size. 

paper specifies series-parallel control with drum 
controllers. While this certainly very satisfactory operation, 
the writer does not feel that, for all classes bridges, small 
well large, where not necessary have two economical run- 
ning speeds, this type controller should specified. Although 
drum controllers are very satisfactory, there are number dial- 
type crane controllers very general use which are serviceable and 
satisfactory. 

principal requirement resistances that 
they shall have sufficient capacity permit operation the 
motors the resistance without causing damage over-heating. 
some types resistance will stand without injury much higher 
temperature than others, difficult give limiting tempera- 
ture, the motors, but all parts the resistance 
usually admit more complete inspection than motor, not 
indefinite the specifications merely prohibit “injurious heating.” 

form specification for motors and controllers covering these 
suggestions submitted herewith. 

Regarding cables, wire, grounds, switch-boards, more 
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difficult give general specification which will cover all Mr. Gibbs. 
ties which may required and all voltages. regard the cables, 
hardly necessary require the supply cable separate from 
the return cable. fact, the writer believes the more com- 
mon practice lay submarine cables twin conductors. The 
stranding depends somewhat the size the conductor, and, 
while less than strands (say would satisfactory for small 
eables, even would desirable for larger ones. The thick- 
ness the insulation depends largely the voltage. 

Under heading, the paper first calls for the 
‘wiring done porcelain insulators, but later states that all 
wiring shall drawn into loricated iron Wiring 
porcelain insulators places exposed water moisture, the 

most satisfactory method regards insulation, but not pro- 
tected mechanically well when the wires are run iron con- 
duits. The latter method wiring constantly growing favor, 
and even very damp places, good rubber wire used and the 
conduit put water-tight manner, easily possible, the 
result quite satisfactory. Attention called the fact that the 
word “loricated” trade name, and refers the output 
particular manufacturer. There are several other makes con- 
duit which are equally good. 

Under the heading, “Meters,” 600-volt voltmeter required 
and ammeter. These requirements, course, are not 
general, the voltage the circuit may different from this, 
and the capacity the motors may require larger smaller 
ammeter. 

The switch-board required placed angle 45° 
with the wall the operating house. the house small, placing 
the switch-board this angle may materially decrease the available 
working space the house, and not objectionable have the 
switch-board placed vertical position. 

general, specifications for wiring, cables, and appurtenances 
should state that all work should done accordance with the re- 
quirements the National Electric Code for the particular class 
work. 


motor shall the ......-volt railway type, 
series wound, water-proof, with slotted, drum armature and form- 
wound armature coils. shall standard commercial type 
common use order that repair parts may readily obtained. 
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Capacity.—The motor shall required develop ...... 
the armature shaft for period ...... min. without tempera- 
ture rise any part exceeding 50° cent., measured the man- 
ner recommended the Standardization Committee the Ameri- 
can Institute Electrical Engineers. This known the 
full-load capacity. The speed the armature shaft this capacity, 
volts the motor leads, shall not greater than 600 
rev. per min. this output, the operation the commutator 
shall sparkless. The motor will required operate 50% 
greater load for min. without injurious sparking the com- 
mutator. 

Gearing.—The motor frame shall have two bearings for the 
countershaft, and shall have forged-steel, cut pinion, keyed the 
end the armature shaft and secured lock-nut. One cast- 
steel, cut gear, bored and key-seated for attachment the counter- 
shaft, shall furnished with the motor. The gear and pinion shall 
covered sheet-steel malleable-iron, split gear-case, sup- 
ported the motor frame and completely covering the gear and 
pinion. opening, with hinged cover, shall provided the 
gear-case for inspection and oiling. The gear ratio shall such 
that the full-load speed the countershaft will not more than 
125 rev. per min. 

Spare each size motor furnished, the contractor 
shall supply the following spare parts: One armature, one field 
coil, one pinion, one gear, and one set brushes. 

All these parts shall finished and fitted such manner 
admit being installed their respective places without 
further fitting adjustment. 

Mounting motors shall mounted such 
manner admit easy access for inspection and repairs; they 
shall supported securely brackets suitable foundations. 

Controllers.—The controllers for all motors shall located 
the operating house. The controllers shall the reversing type, 
with magnetic blow-out, and shall capable varying and main- 
taining the speed the motors throughout the entire range de- 
sired, without injurious sparking, and without shock due sudden 
variation speed. parts shall sufficient capacity 
operate the motors continuously full-load torque without rise 
temperature greater than 20° cent., and operate at.50% over- 
load for min. without rise temperature greater than 40° 
cent. 

Resistances.—Resistances shall preferably the cast-grid 
type, and such capacity that the motor can operated con- 
tinuously any point the controller when developing full-load 
torque, for min. when developing 50% over-load torque, with- 
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out sufficient rise temperature the resistance cause deteriora- Mr. Gibbs. 
tion any part. The resistances shall mounted admit 
free ventilation and without injurious vibration. 


Murray, Jun. Am. (by writer has been Mr. Murray. 
especially interested Mr. Schneider’s specifications for ball bearings, 
inasmuch had occasion some time ago investigate the use 
such bearings for swiveling heavy loads. The loads referred to, while 
sense comparable draw-bridge reaction, are still far the 
largest for ball bearings which have yet come the writer’s atten- 
tion, ranging 70000 Ib. result this investigation, the 
writer designed bearing which had constructed duplicate 
allow for testing. The test the bearings was then made the 
large eye-bar testing machine the Ambridge plant the American 
Bridge Company, with the object, first, placing such excess load 
the bearings would give some assurance freedom from failure 
under ordinary loads, and second, ascertaining the approximate 
amount friction under this excess load. this test, the bearings 
were arranged the machine substantially shown Fig. and 
load 95000 lb. was applied each bearing. Under this load, 
torque approximately 4000 in-lb. was required turn both bear- 
ings. The starting friction for each bearing, therefore, under these 

was about 0.008 the load. 


Lever 


Ball Ball Bearing 


CONVENTIONAL SKETCH SHOWING ARRANGEMENT 
BALL BEARINGS TESTING MACHINE 


Since the test above referred to, one these bearings has been 
use for more than year under working loads ranging 
50000 and the writer has been advised that the cups this bear- 
ing have not worn, and that none the balls has broken. The speed 
rotation during testing and actual use for bearings was very 
slow, and did not exceed rev. per min. Fig. shows the bearing 
detail. 

From consideration the foregoing facts, the writer believes that 
the formula presented Mr. Schneider will give results the safe 
side—certainly for balls in. diameter. should noted 
that the friction value given above was secured when the load greatly 
exceeded the permissible load given Mr. Schneider’s formula. 
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reviewing the discussions, the writer wishes express his gratitude 
for the interest taken the subject his paper and for the many 
valuable suggestions offered and for errors corrected. 

Mr. description the jack-knife draw complete and 
comprehensive, and covers many points which were omitted the 
writer this kind bridge. 

Mr. Dart’s suggestions reference pavements, and 
tical experience the maintenance bascule bridges, form valu- 


able contribution the literature movable bridges. 

Rim- Versus Center-Bearing Swing Bridges—As regards these 
two principal types swing bridges, the consensus opinion appears 
favor the center-bearing type. The writer aware, Mr. 
Snow remarks, that there are many rim-bearing bridges existence 
which are giving excellent results, while, the other hand, there are 
some center-bearing bridges which are giving bad results. However, 
both types are equally well designed, the center-bearing bridge 
preferable offering the following advantages: Economy first 
cost, economy maintenance, and greater stability. 

The writer’s experience also supported the fact that whenever 
railroad has used the modern center-bearing swing bridge once, 
has continued use this type, and other, the present day. 
The Pennsylvania Railroad alone has built nineteen bridges this 
type since 1890. 

The writer agrees with Mr. Cooper that the rim-bearing type, 
general rule, has been built upon false mechanical assumptions; and 
that the top track rim-bearing swing bridge were made 
horizontal plane, and the roller axis set designed Mr. 
Cooper for the Second Avenue Bridge, New York City, and also sug- 
gested Mr. Snow, would away with the tendency work the 
center pivot loose, and would not necessary connect the center 
with the lower track. 

Mr. Cooper’s arrangement spring plates, used distribute the 
load more uniformly over several wheels, also worthy consideration. 

The writer agrees with Mr. Gay that the more rigid and unyield- 
ing the base, well the moving parts turn-table, the easier 
and cheaper will its maintenance; and that the proper preparation 
the top the pivot pier under the track the utmost importance 
for rim-bearing bridge. 

The writer has always used wedges support the ends the 
girders the center center-bearing swing bridges; but the arrange- 
ment, suggested Mr. Schaub, using side bearings with vertical 
adjustment place wedges, thereby entirely eliminating the wedges 
and simplifying the operating machinery, appears have some merit, 


and worthy consideration. 
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Bascule designs bascule bridges submitted 
Messrs. Watson and Hughes illustrate some good construction mov- 
able bridges this type, and the writer wishes that more designs had 
been submitted, showing some the other types which have proved 
equally satisfactory. 

The writer can see objection the use cables and chains 
connection with any other kind lift bridge. 

regards the proposed wind pressure used the design 
bascule bridges, the usual practice has been assume per sq. ft., 
mentioned Mr. Hughes, which probably sufficient, but the 
writer adopted lb. per sq. ft., considered rather ad- 
vantage provide for excess power and strength machinery. 

Selection Design.—The writer considers the two conditions which 
Mr. Smith suggests adding the three already mentioned, preclud- 
ing the use swing bridges, sufficient importance warrant their 
addition. 

Power Required Operate Movable tests the 
power required operate swing bridges, submitted Messrs. Greiner 
and Schaub, seem indicate that the actual power required over- 
come the frictional resistance and the acceleration well within the 
limits that given the writer’s formula. 

The simple rule given Mr. Smith for mechanically-operated 
bridges, “to allow h.p. for each tons weight swung,” has 
been verified the writer, and found provide ample margin for 
practically all contingencies, and probably good rule the 
more complicated formulas, excess power advantage. 

Mr. Smith’s suggestion reference calculating the strength 
gearing for bridges operated hand-power, assuming the power 
one man 125 lb. with many men possible place the 
hand-lever, would certainly give the gearing strength enough make 
safe against all accidental possibilities. 

writer, later years, has given the preference 
wedges for the end-lift swing formerly, also used rollers 
and toggle joints. adopted wedges because they offer better and 
more substantial support the ends, and also account the pref- 
erence given them those who had charge the maintenance 
the bridges. However, has prejudice against other kinds end- 
lifts which knows have proved satisfactory, such the toggle- 
joint arrangement used the Vancouver-Portland Bridges, and the 
roller arrangement used the Rock Island Bridge designed Mr. 
Modjeski, also the Sabula end-lift submitted Mr. Schaub, consist- 
ing eccentric rockers. 

The frictionless wedges used Mr. Cooper the Second Avenue 
Bridge, New York City, combine the advantages the wedge and 
roller arrangements, and have proved satisfactory practice. 
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Rail-Lifts—Mr. Modjeski and Mr. Schaub object the provision Schneider. 
the specifications calling for rail-lifts. The writer acknowledges 
that the rail-lift not ideal arrangement, and may entirely 
superseded safer devices the future. 

The rail-lock used Mr. Modjeski the Vancouver-Portland 
Bridges, and the one described Mr. Schaub, are improvements 
the rail-lift. 

Rack and Worcester evidently has understood the 
writer’s recommendation, that the rack and track segments should 
cast one piece, covering all cases, but this specified only for 
those center-bearing bridges where the track very light. This 
has been the writer’s practice for many years, and was taught him 
experience. cases where the track very light, preferable 
cast the rack and track one piece order get better castings, 
the track segments, connected with the rack, will keep the rack from 
warping, not only the pattern, but also during the process cast- 
ing; and, the case center-bearing bridges, the combination rack 
and track just easily replaced rack segment alone (if not 
more easily), the trailing wheels not interfere with this operation. 

The writer believes that, instead specifying that the patterns for 
special gearing, such rack and pinion, should furnished with the 
bridge that broken parts can easily replaced, would better 
require that some additional parts furnished with the bridge, 
manufacturers generally prefer keep the patterns, which may 
used again for other bridges. 

Gay and Mr. Schaub object claw couplings for 
connecting shafting for machinery, account lost motion. 
specifying claw couplings, the writer did not mean loose couplings 
such are sometimes furnished bridge shops; and his specifica- 
tions require that all workmanship shall accordance with the 
best machine-shop practice. properly fitting claw coupling has 
appreciable lost motion. There may apparent trouble with rigid 
couplings, but, the bridge deflects and the shafts have revolve 
while they are forming curve, they cannot revolve without twisting, 
bending, and wearing out their bearings. This has been confirmed 
the writer’s observations. prefers have less play the bear- 
ings, and, the same time, have the shafts perform their operations 

his early practice the writer used rigid couplings because this 
was the usual method connecting line shafts shops where, after 
the bearings are properly lined up, they will remain the same 
position. 

Shrouded Dart objects shrouded pinions, prefer- 
ring the width the face the tooth for the purpose 
inereasing the strength the pinion. The writer can see advantage 
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making the face more than twice the pitch the teeth. the 
teeth cast gearing are likely bear only one corner, their 
strength for that condition, and, therefore, the increased 
width the tooth would not add materially the strength were 
more than one and one-half times the pitch. The only other way 
increase the strength the pinion teeth is, Mr. Dart suggests, 
the thickness the teeth pinions engaged racks the 
expense the rack teeth. 

Keys and Set-Screws.—Mr. Gay asks what there plac- 
ing keys and angle 120° with each other. The same 
question may asked reference placing the same degrees. 
This matter small importance, long they are not opposite 
each other. The writer specified 120° simply because appears 
the modern machine-shop practice, and the reason for changing this 
from the former practice have the hub bear the shaft three 
equidistant points. 

Unit Strains—Mr. Schaub the opinion that, inasmuch 
torsion produces true shear, distinction should made between 
torsion and shear; and that the values should given for shear only. 
The writer agrees with Mr. Schaub, and, the differences between 
the values shear and torsion given the table are small 
this change would not materially affect the strength the shafting, 
the values for torsion should omitted and the fourth item the 
table should “shear and torsion.” 

Bearings.—-The specifications provide that bearings steel steel 
shall not used for any rotating sliding surfaces, unless provided 
with metalline plugs. Mr. Christie thinks that safest prohibit 
the use soft steel direct contact with the same metal moving 
surfaces. The writer thinks this point well taken, and, therefore, 
the clause referring metalline plugs might omitted. 

Mr. Smith asks the question: anyone ever had any trouble 
with cast iron sliding cast steel, when used for wedge surfaces?” 
The writer has some instances used cast-iron wedges sliding steel 
bearings which have proved satisfactory. 

Strength Toothed Christie the opinion that 
spur gearing should constructed and mounted such way that 
the pressure distributed over the whole width the tooth, even 
uncut teeth. The fact remains, however, that the uncut, tooth does 
not bear over the whole width, unless made long-continued 
wear. The writer, therefore, believes safe practice compute 
the strength the tooth for bearing one corner only. 

The formula given the specifications for the strength gear 
wheels intended for the minimum number teeth the pinion, 
and, Mr. Christie, well Mr. Hess, suggests, the pressure may 
with the additional number teeth. Mr. Christie sug- 
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gests permissible increase pressure for each additional Mr. 


tooth over the minimum number 12. This would make increase 
100% for additional teeth, which the writer considers excessive, 
but the adoption the more conservative Lewis’ formula 
for increasing the value the number teeth exceeds the mini- 
mum 12. The value the coefficient, modified agree with 


2 


teeth the pinion, which for would make 0.1. 

The writer aware that the formula the specifications gives 
larger pitch than that provided for the usual machine-shop prac- 
tice, and that desirable keep the pitch spur gearing small 
safe. This good practice for gearing machine tools and 
ordinary mill machinery, where the motion regular and more less 
continuous, and where break may small consequence. The 
gearing movable bridges, however, subject irregular and alter- 
nate motions, accompanied shocks and vibrations, and, therefore, 
the utmost importance have the machinery absolutely safe, 
for the reason that broken wheel cannot readily replaced 
bridge factory, but may cause suspension traffic, which 
railroad serious matter. 

Mr. Christie’s formula for the strength tooth gearing does not 
contain the face, width the tooth. The writer, therefore, assumes 
that this formula was intended for face twice the pitch. From 
this appears that Mr. Christie allows higher strain cast iron 
and practically the same strain steel the writer. the face 
the teeth motor gearing sometimes four five times the pitch, 
the writer thinks this factor ought taken into consideration for 
cut gearing. For ordinary bronze the same value has been assumed 
for cast iron, but, suggested Mr. Christie, higher value may 
allowed for high-grade bronze. The writer agrees with Mr. Christie 
that soft steel should not used high-speed gearing. has speci- 
fied for steel castings, therefore, minimum ultimate strength 
lb. per sq. in. 

Permissible Unit Pressure for Moving Surfaces.—The permissible 
pressures given the table are for ordinary moderate speeds, and 
formula given for reducing these for high speeds. the terms 
“moderate speeds” and “high speeds” are very indefinite, the formula 
intended determine what speeds the are applicable, 
and what they should that speed exceeded. found, for 
instance, that the bearing value given for hardened steel bronze 
1500 lb. per sq. in. The formula for higher speeds gives the permissi- 
ble pressure, the bearing value 1500 per sq. in., 
therefore, limited for journals 200, which represents about 
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Mr. 630 in., approximately ft., per min. shaft in. diameter 


made 300 rev. per min., 300, the pressure would limited 
1000 lb. per sq. in. These values agree very closely with those sug- 
gested Mr. Christie. 

Messrs. Watson and Hughes are the opinion that the permissi- 
ble pressure allowed for trunnion bearings bascule bridges too 
high. Mr. Watson allows 800 and Mr. Hughes, per sq. in. 
Mr. Hughes also thinks that the permissible pressure 600 per 
sq. in. for structural steel bronze too low. The permissible pres- 
sure 2000 lb. per sq. in. intended for journals axle steel 
phosphor-bronze special kind mentioned the specifications 
for bearings with slow and intermittent motion; while the pressure 
600 per sq. in. intended for structural steel ordinary bronze for 
moderate speeds. pressure 2000 per sq. in. when used con- 
nection with this special kind phosphor-bronze for journals making 
only rev. per min. has given trouble. course, cases 
such high pressures, special arrangements should made insure 
proper lubrication. might perhaps well change the permissible 
bearing pressure from 2000 given the writer, 1500 lb. 
per sq. in. 

Steam Motors.—Mr. Christie asks: should the piston speed 
the engine limited 200 ft. per min.?” The reason for limiting 
the piston speed for steam engines, well internal-combustion and 
electric motors, obtain more substantial machinery. The high- 
speed motors are too light and flimsy for movable bridges. 
They get out order frequently, and the small additional first cost 
little consequence compared with the benefit derived from having 
motors which can stand the rough usage and the wear and tear 
which they are subject movable bridges. 

The opinion Messrs. Smith and Hughes that two motors should 
used all bridges operated electricity shared the writer, 
and recommendation that effect should embodied the speci- 
fications. 

The writer gratefully acknowledges the valuable contribution 
Mr. Gibbs, who has enlightened him matters referring the elec- 
trical equipment movable bridges which was lacking ex- 
perience. The specifications for electric motors, suggested Mr. 
Gibbs, should substituted for those contained the writer’s speci- 
fications. 
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ROTATING SCREEN POWER CANAL, 
SALT RIVER PROJECT. 


One feature the Salt River Project, Arizona, United States 
Reclamation Service, power canal, miles long, having capacity 
250 cu. ft. per sec., and 240 ft. head. The power developed will 
eventually used mainly pumping for irrigation the Phenix 
Valley. present the power used for the construction the 
reservoir dam across the Salt River which includes the opera- 
tion cement mill. The power developed turbine wheels with 
guide-buckets adjusted the governor. 

The water the canal carries much sediment, and also great 
deal grass, sticks, especially times heavy rains. These 
floating bodies are likely lodge the narrow end the guide- 
buckets, and may occur (as has occurred) that, these bodies 
are not kept out, the governor, attempting close the buckets 
moments small demand power, will break the bucket which 
blocked, and such breakage may followed (and was followed) 
breakage the runner the turbine. 

avoid such accidents has become necessary send the water 
the power canal through screen, naturally located the penstock. 
This supposedly novel design, and, having proven suc- 
cessful operation, thought that short description may 


interest. 
The screen has the form truncated cone, the water entering 


the cone the base. The axis the cone inclination 
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The cone made rotate slowly around its axis. the entrance 
ring the cone fitted (with small clearance only in.) the 
stationary entrance ring. The screen the cone made No. 
galvanized wire, mesh, and supported circular rods and 
in. diameter) which their turn are supported sixteen 
bars, riveted the steel head the drum one end, and 
the entrance ring the other. point about two-sevenths their 
length from the entrance ring the sixteen bars are connected and 
supported the trunnion ring. Between the trunnion ring and the 
steel head these bars are connected stay-bolts. the steel 
head riveted center casting, bored for stationary shaft, in. 
diameter, held cast-iron shaft support. The structure the 
sereen, therefore, supported this 3-in. shaft and two trunnions 
the plane the trunnion ring. the steel head are bolted the 
segments cast-iron ratchet ring teeth; and two pawls, 
actuated hydraulic cylinder, propel the which makes com- 
plete turn about hour. 

The extension the 3-in. shaft the interior the drum, and 
concrete arch over the canal about in. from the drum, support, 
the interior the drum, two 8-in. channels, slightly inclined, 
which rests galvanized-iron trough, ft. wide and 164 ft. long, 
that terminates side trough. The motor which turns the screen 
also pumps water into horizontal trough above the screen and cen- 
trally above the interior 34-ft. trough. intervals this upper trough 
(the tipping trough) discharges automatically, and the water con- 
tained strikes the screen jet in. ft. in.), carrying with 
into the interior trough any material which had lodged the inner 
surface the screen. Material which does not adhere the screen 
lifted blades attached the interior the screen, and dropped 
into the interior trough. The wash-water carries the screenings through 
the side trough over the edge the canal. 

The area the submerged screen 232 sq. ft. with the canal 
discharging 250 cu. ft. per sec. The screen would safely stand 
difference level the water, inside and outside, ft., which may 
pessibly during the first heavy rains the season. 
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‘Double-acting 
valve Hydraulic Cylinder 
Valve link 


Rack at end 


SUPPORT OF 
LARGE TROUGH 
SUPPORT FOR CHANNELS 


OPERATING OF SCREEN 


Concrete Arch 


Pressure 
_ Pump 
' 6 Iron bands, 
| p|Channels supporting trap iron 
ier x 76"Die. 


SCREEN PENSTOCK 
POWER CANAL. 


SECTION A-B 


SECTION 
CENTER LINE 

AREA SUBMERGED 
PART OF SCREEN 


232 8Q. FT. 


Seale of inches 


CROSS-SECTION TIPPING TROUGH 


Joint of Rings in 8’ length “pray 24 
Z of &"pipe, babbitted 
| Method of wiring rings 


io 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


TRANSACTIONS. 


Paper No. 1073. 


NOTE THE 
IMPROVEMENT THE MISSISSIPPI RIVER. 


During the past twenty-seven years much work has been done 
the Mississippi River between Cairo and New Orleans, but compara- 
tively little has been accomplished the way permanent improve- 
ment, except the construction levees. 

The revetting caving banks continuous mattress has cer- 
tainly not proven permanent form improvement many 
places, and whenever such mattress located for long time 
place where opposed the force the river flow, must fail. 
Much the mattress which has been placed was constructed such 
manner that, not carried away bodily the first flood, would dis- 
integrate and float away stick stick, owing the fastenings being 
metal, and soon destroyed corrosion. 

design structures which will not carried away has been 
difficult problem, but such have been built, and, the light ex- 
perience, still better designs can now made. 

Some years ago the writer was engaged improving the Harbor 
New Orleans. This was done works which formed what were 
intended fixed points the bank the river and could not 
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carried away. The writer believed then that this was the proper way 
secure permanent improvement the whole river. Some the 
work these fixed points was put with such details construction 
that they should have failed before this time; the writer, however, be- 
lieves that permanent works this plan can now constructed 
which will confine the river prevent from wandering away 
from the place where desired hold it, and also greatly improve 
the navigable depth. These fixed points would have located 
various distances apart, depending the degree curvature the 
river, but the number required would not entail prohibitive expense, 
provided each one was put permanent work and not 
require constant repairs, and with the view giving hint 
how make such work permanent that this paper has been written. 

The Mississippi has shown that has power destroy and carry 
away almost everything that Man has constructed oppose it. 
using little strategy design, however, the river can compelled 
use its mighty power dig foundations for permanent improve- 
ment works. This can done, and has been done, making the 
form construction these works such that the river cannot dis- 
integrate them, move them bodily down stream. known that 
can, and will, undermine them, and taking advantage 
this undermining power that the point can made fixture. 

designing the structure that only wood and stone, properly 
bound together, form its permanent parts, the forces acting against 
can nothing but undermine and sink the sand, while more 
the same material piled top that which sinking, and 
depth foundation soon reached which the river will not cut 
under. this way the flowing water will sink large structure 
depth which will give permanent foundation, the same way that 
pile sunk with jet water. 

The work must well connected the levee, and must extend 
well out the bed the river. 

When the writer was building the dam from Turnbulls Island across 
Red River, Louisiana, had fear the river being able 
destroy the work, cut around it, and believes now that was 
great mistake destroy this dam, dredging channel through it, 
after was more than half completed. 
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The writer believes that the power the flowing water any silt 
and debris-bearing stream can utilized and directed, properly 
designed structure, that will dig permanent foundation for such 
structure, and that sufficient number improvement works have 
been built, and have been tested for sufficient length time, the 
Mississippi and other rivers, indicate the proper details con- 
struction. 
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DISCUSSION. 


Lion, Am. Soc. (by years ago, the 
writer, while engaged work under the Mississippi River Commis- 
sion the Lower Mississippi, had experience with two distinct types 
bank protection. These were spur-dikes, placed selected inter- 
vals, and continuous revetments. Both these works were applied only 
the concave bend side the stream, erosion takes place 
the points convex sides the river. The currents are swift the 
bends, and the banks the river are often composed materials 
easily disintegrated the rapidly moving water, causing recession 
the bank line, and loss land and the improvements thereon. 

Spur-dikes—dikes timber cribs ballasted with stone—are placed 
normal the bank the river, and project into the stream. They 
are designed hold intact selected points the bend river, and 
direct the current prevent from eroding the bank. 

Continuous revetment protects the river banks from erosion 
placing over them covering willow mattresses ballasted with stone, 
after the manner concrete masonry lining open channel. 
The mattresses are built willow poles and saplings which grow 
the banks the river, and are the most economical form construc- 
tion yet devised for continuous revetment. 

The method building spur-dikes and holding fixed points has 
met with success only where the current moderate velocity. These 
dikes give rise swift eddies, whirls, and vertical currents, which 
cause rapid caving, and form deep indentations the shore line be- 
tween dikes. the space between dikes not protected, this erosion 
continues until finally the current cuts behind the dikes. the 
writer’s knowledge, this action occurred Giles’ Bend, 
Mississippi, and Carrollton Bend, New Orleans Harbor, and 
both places the continuous revetment has almost entirely supplanted 
the spur-dikes. 

Continuous revetment more costly than spur-dikes, but also 
more efficacious when properly built and placed. The mattresses should 
out into the bed the stream until the section the river 
begins rise the opposite shore, order avoid undercutting 
the foot the revetment. account the expense this work 
and the limited funds usually available, revetment often carried too 
short distance into the stream, with the result that undercutting 
oceurs the foot the mattress, thus causing rest slope 
constantly increasing steepness. The erosion continues until finally 
part the stone ballast holding the mat position rolls off. The 
lightened part the mattress then free rise and fall, and bend 
and twist, with the action the current until breaks and floats 
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away piece piece. difficult arrest destructive action this Mr. Lion. 


kind, when once begun, and often necessary sink new mattresses 
over the broken ones. The engineer has way knowing that the 
mattress has failed until shown the caving the bank. 
advisable, therefore, take chances, but carry the revetment 
well into the stream. 

The usual method procedure begin protection near the 
upper end bend and work down stream. has been found that 
bend only partially revetted, undermining will take place the 
down-stream end the protection. 

The art protecting the banks large rivers flowing through 
alluvial deposits crude state, and, now carried on, very 
expensive, its cost being prohibitive ordinary cases. Revetment 
the Mississippi River present justified only for the protection 
valuable city fronts and improvements, for the preservation river 
harbors, and for the maintenance important levee lines which, 
breached, could only replaced costly new lines. also some- 
times justified order avert threatened cut-off across narrow 
point where such cut-off would disturb the regimen the river for 
miles above and below the threatened point, and thus intensify caving. 

Tron and steel fastenings, after time, are entirely destroyed 
the action the Mississippi River water, but the loss these con- 
nections anticipated driving treenail beside each spike the 
frames the mattresses, and the use composition wire, which 
not affected the water. 

for New Orleans Harbor were designed, was expected that the river 
would erode the banks between them and thus form scalloped shore, 
and that wharves constructed these scallops would slide into the 
river account the weight the silt which would collect under 
them. was understood that spur-dikes, 1000 ft. more 
apart, was not the best system for harbor which must eventually 
have continuous line wharves, but the appropriations were com- 
paratively small, for the length river bank protected, and 
was necessary that time stop whole city squares from melting 
into the river. 

continuous mattress revetment, with the mattress ft. thick, 
cannot permanent bank protection New Orleans Harbor. The 
mattress must laid banks which are steep, the 
point caving sliding down, and, when wharves are built, the ac- 
cumulation silt, due the obstruction the current the piling, 
will cause the bank slide and wreck the mattress. For this reason, 
the steep slope the bank must reduced, and this can best done 
with cribs laid top the mattress, such were originally used 
the spur-dikes New Orleans Harbor for this purpose. This reduces 
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Mr. Price. the form construction system spur-dikes close together 


that there are gaps between them. 

Composition wire should not used for fastening 
mattress and crib construction. The writer, careful tests the 
Mississippi River, found that the impact the sand the flowing 
water would cut away all exposed parts metal fastenings. These 
tests led the use the treenail spur-dike construction. 

The mattress and cribs must constructed with pockets hold 
the rock, that the rock will not roll out the pockets until the 
mattress assumes vertical position. Such mattress need not 
carried far out the river bed one from which the rock ballast 
will easily roll off. 

When the spur-dikes are located some distance apart, eddies will 
form between them which will cut into the bank. The force these 
eddies grows less the farther they eat into the bank, owing the in- 
creasing distance the water has travel, thus reducing the slope and 
therefore the velocity. The extent the cutting bank such 
eddies, therefore, limited. 

Spur-dikes, order form permanent fixed points, must built 
size proportion the power the river. The mattress for the 
Lower Mississippi should probably not less than 300 ft. wide, parallel 
with the bank line. front towns where wharves are required, the 
mattress would have continuous, and the cribs very short 
distance apart. other localities, with proper selection for the fixed 
points, the spur-dikes might average some miles apart. The dikes 
would cause eddies and much caving the banks until the river had 
changed suit the new limiting conditions. The stronger the dike 
the farther apart they could be, and, result, the more would the 
river change its bank line before comparatively fixed course could 
established. 
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MUNICIPAL REFUSE DISPOSAL: 
INVESTIGATION.* 


For number years the disposal municipal refuse the 
Borough Richmond, New York City, has been the subject much 
concern responsible authorities. The first attempt deal sys- 
tematically with solid organic waste was made 1895, when the 
former Village New Brighton erected Brownlee crematory, and 
collected garbage separated from other refuse. 1898, the general 
Department Street Cleaning introduced the separation system 
throughout the Borough Richmond, and ashes, rubbish, and street 
sweepings were used for filling sunken lots, while garbage within 


economical hauling distance Dixon crematory (erected 


was destroyed, the remainder being mixed with ashes, and dumped 
isolated properties. 1902, when the city charter was amended, 
the collection and disposal refuse, with other street-cleaning work, 
came under the control the Borough President. 


* Presented at the meeting of December 18th, 1907. 
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The writer was placed charge the Bureau Street Cleaning 
1904, and found the conditions regarding refuse disposal follows: 
separation garbage from ashes and rubbish was im- 
perfect. Short-haul ash dumps were sources complaint. Land for 
the disposal refuse was becoming scarce. The cremation garbage 
practiced was costly and unsatisfactory. Little trouble was experi- 
enced the use street sweepings for filling sunken lots, macadam 
roads adjoined paved streets and the sweepings contained relatively 
small percentages organic matter. 
2.—The loss short-haul dumping grounds had the 
point where provision for power transportation waste lands, some 
other means final disposition household refuse, became necessary. 
Efforts obtain reasonable rate transportation street railway 
outlying properties failed. Examination, tests, and studies exist- 
ing garbage crematories offered hopes satisfying permanently 
the requirements economical and sanitary final disposition. The 
location, population, and topography the built-up districts under 
consideration rendered any means disposal other than incineration 
inadvisable. 

After study available publications the subject, became 
evident that the British method destroying mixed refuse would 
solve the problem the local refuse contained enough combustible 
material consume all noxious wastes without nuisance, and provided 
that reasonable degree economy operation could attained. 

From various books, reports, etc., the following general abstract 
English practice destroying mixed refuse was compiled: 

A.—Refuse destructors are centrally located populous districts, 
and are reported operated without nuisance. 

British household refuse consists one-third com- 
bustible, one-third water and one-third mineral matter, weight 
(Watson). This material burned brick furnaces the aid 
draft without the use additional fuel. High temperatures 
are attained, and the waste gases are brought into contact with steam 
boilers, thus producing power which utilized for various purposes. 
Each pound average unscreened refuse will evaporate its own weight 
water. 

residue consists clinker, fine ash, and dust, amounting 
about one-third, weight, the original material. Clinker 
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Fie. 1.—Coverep CoLLecTION Carts aT IN 
Fie. 3.—SaLtLey Destructor, BIRMINGHAM. 


Fic. 2.—Tippine Rervuse INTO STORAGE Hopper at WATFORD. Fic. 4.—Looxine Up Runway AT SALTLEY 
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TABLE REFUSE FROM DIFFERENT CITIES, CLASSIFIED APPROXIMATELY. 
| 
=) Berlin, Germany: 
57.12 1.58 7.02 1,33 29.53 Bohm and Grohn (Hering). 
| 
CHEMICAL ANALYSIS BERLIN REFUSE, AND Chemical Analysis Refuse from 
Kings Norton (near Birmingham), 
Moisture...... Rags 
Paper, straw, fibrous 
Unsifted 5.54 54.90 (From Specification, 26.) 


| 
| 
q 
| 
{ 
| 
| 4 
| 
| 
| 
| 
| ; 


348 MUNICIPAL REFUSE DISPOSAL 


useful aggregate making concrete slabs, bricks, not 
utilized, the residue makes acceptable filling. 

D.—The cost labor and supervision per ton refuse destroyed 
amounts about cents England. The economy the process 
depends great extent upon the utilization the steam gencrated. 

this time (1904), all available information concerning the 
composition refuse from different localities was summarized 
shown Table These figures were meager and unsatisfactory 
for the case hand that only two courses were open: namely, build 
destructor, with the risk failure; make thorough examination 
the whole question, determine the best means disposal should 
mixed refuse destruction prove unsatisfactory. 

The object this paper present the results investigation 
covering: 

First, the quantity, composition, seasonal variations, and 
power local household refuse, with series practical tests 
burning mixed wastes; and second, some data, observations, and de- 
ductions concerning number mixed-refuse destructors visited 
the writer. 


Richmond Borough (Staten Island) has estimated population 
about 80000, and area 57.2 sq. miles. divided into three 
refuse collection districts, two which, containing the bulk the 
population, are served municipal carts, while the third, comprising 
the country sparsely-settled sections, served hired carts. 

One the refuse collection divisions, known the West New 
Brighton District, was selected representative portion the bor- 
ough from which obtain the desired information concerning the 
problem disposal. actual count, there were 4321 houses this 
district, containing about 25900 people, 90% whom contribute 
wastes for removal city carts. 

The plan adopted contemplated data concerning: 

quantity refuse contributed per 1000 inhabitants 
per day, volume and weight; 
seasonal variations quantity refuse, volume 
and weight; 
components refuse, and their seasonal variations; 
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Fig. 1.—Mrxep-Rervse Dump at Fox BorovGH or Fic. 3.—REFUSE ON STORAGE, LLANDUDNO, WALES, 
Ricumonp, N. Y., JuNE 277TH, 1906. May 197TH, 1906. 


Fie. 2.—AN OLD Reruse HEAP aT WORTHING, ENGLAND, Fie. 4.—NeaAR View oF ReEFvusE AT Fox HILvs, Boroven 
PHOTOGRAPHED JUNE 15TH, 1906. or Ricumonp, N. Y., June 277TH, 1906. 
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calorific power refuse, and its seasonal variations; 
also the seasonal variations the calorific power the 
components refuse; 

practical incineration mixed refuse; 

VI.—The probable temperature the gases resulting from the 
destruction refuse, and the boiler-power obtainable 
with seasonal variations. 

refuse means practically all materials 
collected municipal carts from private residences, stores, and small 
factories. Night-soil, dead animals, and trade refuse, such build- 
ing refuse and manufacturing wastes, are not included. 

Ashes consist mainly the residue from domestic fires, from 
schools, churches, and include other inorganic material, such 
glass, crockery, metallic substances, dust, bricks, stones, earthenware, 
ete. 

Garbage composed organic materials—vegetable and animal 
matter—with water and grease. 

Rubbish consists light combustible articles, such paper, rags, 
excelsior, straw, wood, leather, rubber, etc. 

quantities different classes household refuse collected the 
West New Brighton District. 

The volumes the different classes refuse were obtained 
careful records cart loads. The adopted unit weights were the 
average results numerous determinations. Table shows that the 
average quantity household refuse collected amounted about 3.7 
cu. yd. 1.6 tons per 1000 inhabitants per day during the period 
considered. 

Table will noted that the volume the total collection for any 
month differs slightly (from above 12% below the average), 
while the weight varies from 23% above the average winter and 
spring below the average summer fall. The two classes 
refuse have opposite variations weight, “ashes and be- 
ing high winter and low summer, while “garbage” low 
winter and high summer. Unseasonable weather and abnormal 
variations the fuel and food supply will cause further differences 
the amounts “ashes,” “rubbish,” and “garbage.” 
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Refuse and Their Seasonal Variations.—Me- 
chanical analyses, weight, the two classes refuse shown 
Table were made during 1904, 1905, and 1906, often other 
work permitted. Cart loads “ashes and rubbish,” amounting 


DIAGRAM SHOWING MONTHLY VARIATIONS 
WEIGHT 
COMPONENTS 


HOUSEHOLD REFUSE 
WEST NEW BRIGHTON DISTRICT 


Coal and Cinders 


Percentage of Total Collection 


Rubbish 


| 


107907 from different portions the district, were analyzed, 
and 562 samples garbage, amounting 28101 were separated 
into components. mesh screen was used divide the “ashes 
and rubbish,” the material passing through the screen being termed 
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“fine ash,” while “coal and cinders” were the materials rejected the 
screen and not otherwise classified “clinker,” “glass, 
metal, separated hand-picking. Small samples (averaging 
lb. each) were separated into components hand. 
The average results the monthly determinations were used con- 
nection with the figures Table compute Table which gives the 
results the mechanical analyses. The graphic diagram, Fig. 
brings out clearly the relative variations the components refuse 
from this district, and, “garbage” the primary cause nuisance, 
indicates that September will the critical month when destroying 
mixed household wastes. February represents the opposite extreme 
low “garbage” and high “coal and cinders.” The large percentage 
“fine ash” winter suggests the advisability removing this ma- 
terial, though the decision this respect will depend upon practical 
experience dealing with the refuse. “garbage” carries nearly 
all the moisture mixed refuse, series forty-one evaporative tests 
was made order determine its water content. Samples averaging 
were dried special water-jacketed evaporation with 
the results indicated Table 


TABLE HOUSEHOLD REFUSE WEIGHT. 


From TABLE 2. FRoM MECHANICAL ANALYSIS. 
Garbage. 
1906. 
83.5 16.5 | 40.5 1.4 8.1 34.7 14.38 0.6 0.7 4.7 
February 87.6 12.4 | 40.3 1.3 3.4; 3.8 10.9) 0.4; 0.38 68.1 
March 86.0 14.0 | 42.6 1.2 8.1 | 9.5 12.2) 0.5; 0.6); 4.8 
OPS 79.3 20.7 | 40.8 1.0 8.2 | 31.5 17.9 0.8 0.8 4.0 
78.7 21.8 37.7 0.6 5.7 81.8 18.7 0.7) 0.7 4.1 
58.38 41.7 23.8 0.8 9.0 12.6 86.3 1.6 1.7 | 14.2 
san 54.8 45.7 | 20. 0 0.5 10.9 9.0 489.7 1.7) 2.0) 16.3 
50.5 49.1 21.7 0.6 8.5 7.7 42.5 1.9 2.2 14.9 
1905. 
71.4 .6 || 31.8; 0.7: 5.2 | 80.8 22.6 1.8 1.0; 6.1 
76.6 | 23.4 || 84.4) 0.9); 3.1 | 84.6 19.6 0.8 |) 5.5 
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TABLE TESTS MOISTURE GARBAGE. 


Date. 


Feb. 26, 


April 7, °05, 
April 20, °06 


May 25. 
May 
May 24, 


July 22, 
July 13, 
July 31, 


August 6, °05 
August 11, '05.... 
August 27, 
August 14, 


Sept. 18, °05 
Sept. 20, 
Sept. 17, °06. 


Oct. 17, "05... 
Oct. 26, 
Oct. 20, °04 


pounds. 


| Weight of original sample, 
in pounds, } 
Weight dried sample, 


18,31 
15.09 
40 12.5 
40 11 

42 13.31 
50 15.5 
13.5 
14.0 
10.5 
30 9.0 
39 11 
12.5 
44 ll 

9.5 
45 11.5 
12.5 

12.31 


3% 
he = 
> 
71.7 
28.69 68.3 128 
128 
70.0 
69.2 
33.5 71.3 104 
36.0 
79.4 
21.5 61.4 70.6 
24.5 
21 70.0 60 ] 
71.8 
104 
71.0 
112 
73.6 
28.5 75.0 73.1 
74.4 
69.2 
63.6 
70.5 
70.5 69.2 
66.3 104 


— 


q 
q 
| | | 
} 
| | 
| 
Average per cent. of water.. 
] 
q 


4 368C 
4 666 
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Rubbish. 


Average. 


Fine ash 


“ 


Average..... 


Clinker. 


Mixed refuse. 


Average..... 


Composite sample. 
Computed from separate tests. 


6940 


February. 17.08 82.22 441 
February. 12 634 0,00 5.66 94.34 18 392 
March. 721 | 2.78 | 12.58 84.64 8 567 
May. 7 943 3.70 | 18.21 83.09 9 560 
July. | 8404 0.80 | 11.98 87.27 9 630 
August. | 8107 3.77 8.15 88.08 9 204 

1.83 12.85 85.32 9 889 
February. 000 3.08 90.45 16.52 
February. 0 000 O06 | | |. 

February. 0000 1.14 89.25 9.61 
| 
February. 0.00 46.89 53.11 
April. 6 084 8.42 38.61 57.97 10 495 
June. 5700 | = 0.31 58.95 40.74 13 991 

| 1.2% 48.15 50.61 10 332 

See Laboratory Nos. 

7 439, 7440,7441. | 8254 1.18 21.35 W747 10 654 
| 8452 2.26 21.14 76.58 11 087 


58.4% 


Original bulk sample reduced 

by quartering. paper por- 
tion pul , coarsely ground 
with other rubbish, quar- 
tered, dried, pulverized, and 
again quartered down to 
test sample. Test results 
refer original sample. 


Same procedure as in ‘coal 
and cinders.” 


Same procedure as in * coal 
and cinders.” 


Procedure as with compo- 
nents noted above. Total 
moisture not determined. 


Composed of: 
Garbage, test No. 7 439. 
19.6% Rubbish, * * 7440. 
27.0% Coal and cinders, test 

No. 441. 


mee 
| 3 Sm- Ro 
| aS 
sti | | | 
| | | 
| | 
r | | | | | 
| | 
| | | | 
| | | | 
| | 
| 
| | 
| | . . | 
| | | 
| } ° ° 
| 
| | 
| | 
| 
| 
| 
| | 
| | 
| 
| 
== —| 
| 
| | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| | 
4 
| 
| } q 
| 
| | 
| 
q 
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TABLE 5.—CALORIMETER TESTS. (PRELIMINARY SERIES.) 


Test 
ral = 
1905. 
= 4 3684 Coal and cinders. February. 4 230 1.62 61.17 | 87.81 11 187 
6 222 “ “ May. 2 108 "74 7 378 and again quartered down 
--| 4901 1.64 54.06 | 44.29 11 066 
Garbage. February. 320 4.47 32.44 63.09 432 
664 February. 447 2.68 11.92 85.40 062 Original bulk sample reduced 
5 074B - | March. 7874 0.00 12.19 | 87.81 8967 | by quartering, moisture 
5 425.4 > | April. 8 965 0.00 22.48 | 77.52 11 565 evaporated, pulverized and 
6 281 ee May. 8 186 1.6% 18,26 80.11 10 218 again quartered down to 
7 356 ba July. 8 878 0.00 13.04 86.96 10209 test sample. Test results 
7 439 = August. 9084 | 1 -84 | 15,16 83.00 10884 | refer to practically dry gar- 
bage. For moisture in 


a 
q 
4 
| 
| 
1 
| 
| q 
| 
| | 
} 
| 
| 
| 
| 
| 
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| 
§33b 
975b 
976b 
994b 
995b 


Laboratory No. 


CALORIFIC VALUES. 


TABLE 


AND 


(26 
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6.—CALORIMETER TESTS AND 


PROXIMATE ANALYSES. 


os ° 2 
Season. Month and year. 
9 360 9 470 14 750 Early March, prog 1,14 4.02 59.44 | 35.40 
8 180 260 14290 Late 906 0,97 2.83 54.40 | 41.80 
9 645 9 850 14 400 Late ” 1906 2,02 4.58 62.13 | 30.97 
9 497 9 590 15 270 Early June, 1906 2.038 4.90 56.60 | 36.47 
9930 10110 13 850 | Late a 1906 1.7 5.09 66 .67 26.46 
7 865 8 013 14 500 July 1905 1.90 14.7 89.60 43,80 
7 150 7 250 14020 Summer, { Early ‘* 1906 1.37 2.388 48.13 47.62 
9 740 9 967 14 050 Late oe 1906 2.2 2.91 66.43 | 28.43 
9 570 9 770 14 450 | eng August, 1906 2.06 6.98 59.10 | 31.86 
7 080 7135 =618 860 1906 0.75 3.91 47.16 | 48.18 
| 
| 
§ 561 8 813 12 800 (| September, 1905 2,24 7.78 59.16 80,82 
10 865 = 11 135 14 420 | Early Sept., 1906 2.32 4.02 | 71,88 | 22.28 
10585 10840 14 980 Late ™ 1906 2.2 4,05 66.57 | 27.10 
7 805 7 920 13580 Autumn, party Oct., 1905 1.42 1.12 | 56.36 | 41,10 
8 445 8 540 15 065 Late “i 1905 1,04 2.02 | 54.04 | 42.90 
8490 8580 15010 Early Nov., 1905 1.85 
7 378 7440 15 225 L!| Late es 1905 0.82 2.13 | 46.33 | 50.72 
8876 9020 14 397 Average, autumn.......... 1,59 8.28 58.387 | 36.76 
7 270 7 220 14 460 i Early Dec., 1905 0.62 2.21 | 48.07 | 49. 10 
8 210 8 265 13 810 Late it 1905 0.65 1.59 57.84 | 39: 9 
6940 6980 18 450 Winter .Early Jan., 1906 0.58 1.51 | 50,09 | 47.82 
6 060 6 O80 13 310 es Late e 1906 0.2 2.12 | 48.44 | 54,17 
6 910 6 935 14 350 H Early Feb., 1906 0.37 2.05 | 46.10 | 51.48 
69385 6988 13 880 (| Late “ 1906 0.78 1.66 | 48.2 49.28 


| | 
921b 
92Rb 
; 929b 
858b 
i 998b 
1 011b 
862b 
875b 
895b 
900b 
901b 
E 903b 
\ 
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PROXIMATE ANALYSES (WELTON). 


GarBaGE. (25 TESTS.) 


CaLoriFic VALUEs. | PROXIMATE ANALYSES. 


From MADE: 


mple. 


und. 
B. t. u. 


Per 
origina 
B. t. u. 


Laboratory No. 
Per pound, 
dry sample. 
Per pound, 
combustible. 
B. t. u 
Moisture. 
Percentage. 
Volatile matter. 
Percentage. 
Fixed carbon. 
Percentage 
Ash. 
Percentage 


Season. Month and year. 


| 


10 490 { March, 1906 70.63 
9970 Early April, 1906 69.80 
10 365 Spring... 4 Late “ 1906 71.08 
492 Early May, 1906 
11 500 Late 196 


— 


700 
10 440 

10 550 | 
9400 Summer, { 


Early June, 1906 64.43 
Early July, 1906 | 73.48 
Late 1906 | 68.59 
Early August,1906 $77.74 
Late be 1906 76.80 

July, 1205 


9 280 
10 460 
10 770 


o 


10 220 Average. summer......... 


| Early Sept., 1906 


September, 1905 


Late 5 
Early Nov., 

Late 


= 


ce 


10 240 Average, autumn 


Early Dec., 

7 car an., 
Early Feb.. 

Late 


22338 | 8351 10 338 Average, all tests......... 73.26 | 16.89 4.71 
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TABLE 6.—CALORIMETER TESTS AND 


(26 
CALORIFIC VALVES. PROXIMATE ANALYSES. 
6 | | 
| 36 Season. Month and year. | > 
Wie | 7070 7 360 8 Ba5 Early March, 1906 8.95 | 69.04 | 15.81 11.70 
Mic | 6999 7 233 9330 | Late ~ 1906 3.21 62.7 12,23 21.79 
M2e | 6395 6 555 8692 | Spri Early April, 1906 2.46 60.94 12,64 | 23.96 
929c | 6810 | 7210 9220 | | Early May, 1906 5.55 | 56.12 | 17.72 | 20.61 
936c 7220 7690 8 370 | Late = 1906 6.08 | 74.98 11.32 7.62 
| 
7480 8375 | Early August, 1906 10.22 64.94 15,27 9.57 
6780 7 330 8175 Late 1906 7.55 68.44 14.50 9.51 
6694 8179 Average, summer 7.99 67.45 10,17 
858e 6720 7 188 9 120 September. 1905 6.45 | 54.30 | 19.35 | 19.90 
1011e 6 570 7 062 8 430 | Late - 1906 6.97 63.06 14.91 15,06 
ec 7 180 75% | 8170 | | Late ate 1905 5.84 69.94 17,44 6.78 
RRZc 7742 8 343 8910 | Early Nov., 1905 7.16 72.68 14.26 5.90 
455 7873 | 8965 Late 1905 5.34 67.81 15.37 11.48 
6 649 7069 | 8 570 Average, autumn.......... 5.95 61.36 16.22 16.47 
| | 
R940 7012 7310 | 8145 | [ Early Dec., 1905 4.04 71.06 15,00 9.90 
R95c 6 870 7225 | 8370 | | Late 6d 1905 4.90 69.07 18.06 12.9% 
9 1c 7 20 7580 | 8 750 | Early Feb., 1906 8.88 70.50 12.75 12,87 
903¢ 7 525 7933 | 8950 Late 1906 5.10 68.90 15,20 10,80 


J q 
| 
: 


= 


Laboratory No. 


892d 


See 

833c 


833d 


CALORIFIC VALUES. 


sample. 
B. t. u. 

Per pound, 

combustible. 
B. t. u. 


Per 
origina 


MUNICIPAL REFUSE DISPOSAL 


IMATE ANALYSES (WELTON).—( Continued). 


OTHER TESTS. 


Material, etc. 


Fine ash. 
Screened from collections. 
1905-1906. 


Clinker. 
From collections 1905-1906. 


Ash. 
From practical tests 
in burning mixed refuse, 
December, 1905. 


Clinker. 
From practical tests 
in burning mixed refuse, 
December, 1905. 


Composite sample. 
Coai and cinders. 27.0% 

test. 
calculation. 


From Tests 833a, 833b and 833c. 


PROXIMATE ANALYSES. 


Moisture, 
percentage. 
percentage. 

Fixed carbon, 
percentage. 
Ash, 
percentage. 


Volatile matter, 
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IV.—Calorific Power Refuse—Seasonal ref- 
use seemed unpromising material for reduction repre- 
sentative samples suitable for test calorimeter, but separate de- 
terminations the components refuse conjunction with the me- 
chanical analyses might expected serve the purpose comput- 
ing the calorific power the refuse, within reasonable limits, for 
practical purposes. 

Table summarizes the principal features set preliminary 
tests made the Lederle Laboratories. The calorific determinations 
gave rather better results than might have been expected under the 
conditions sampling then prevailing. insufficient number 
trials was made show any seasonal variations the heat values 
the materials. Mixed refuse tests proved unsatisfactory, might have 
been expected. composite sample (No. 7488), actual test and 
computation, showed practical agreement, thus checking the assump- 
tion that the total calorific power the refuse would equal the sum 
the heat values its constituents. 

February, 1907, there became available very comprehensive 
series calorific determinations, made during 1905 and 1906 the 
laboratory the Commissioners Accounts, under the direction 
Mr. Otto Klein, Chief Engineer, Welton, Assoc. Am. 
Large amounts the several components refuse, from 
the mechanical analyses for each month, were reduced quartering, 
moisture was evaporated from “garbage,” and the different materials 
were roughly pulverized representative samples the West New 
Brighton crematory. Further preparation samples for test 
Mahler bomb calorimeter was made the laboratory. The method 
procedure these determinations differed from that the prelimi- 
nary determinations the case “rubbish,” where the paper con- 
tent was not pulped before being pulverized, also with “fine ash” and 
which were burned with naphthaline effect complete oxi- 
dation the relatively small percentage combustible matter. 

The results the various calorific determinations proximate 
analyses Mr. Welton, with the average seasonal variations the 
different components, are shown Table 

this summary “coal and cinders” has lower value winter 
than during other seasons the year, probably owing the more 
complete combustion fuel cold weather; “garbage” shows 


| 
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Fig. 3.—SHeerNess Destructor. A ScHooL Hovusk Is ONLY 
8 Fr. AWAY FROM THE REFUSE STORAGE Room. 


Fie. 2.—ANoTHER View, SHowiNG LOCATION, BERMONDSEY Fic. 4.—View FrRoM WATER TOWER AT SHEERNESS, SHOWING 
DESTRUCTOR. SURROUNDINGS OF DESTRUCTOR. 
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appreciable seasonal variation, and “rubbish” has higher power 
winter than spring, summer, autumn. The test single 
average sample “fine ash” and “clinker” leaves the question 
seasonal variations undetermined with regard these materials. 
the whole, the seasonal differences are not marked, except the 
“coal and cinders.” The columns giving the heat units per 
pound dry sample show the variations the mechanical analyses 
and the bulk sampling, while the calorific power per pound com- 
bustible compares the character the materials tested, and was used 
additional check the calorimeter determinations. The results 
the tests shown Table were much more consistent than was ever 
hoped for. 

Based the composition refuse (Table and the final calorific 


tests (Table 6), the heat value per pound refuse for different periods 
has been deduced, shown Table 


TABLE 7.—CALORIFIC PER POUND REFUSE FOR 
DIFFERENT 


power Moisture, sh, ombustible, | 
per cent. per cent. per cent. Remarks. 
| } based on average 
39.74 31.40 figures for corre- 
| | sponding periods 
Autumn..... 3 833 | 27.74 89.74 32.52 | in Tables 8 and 6, 
| } } except that aver- 
Winter...... 358 34.17 age calorific values 
for summer com- 
September.. 265 35.83 23.69 40.48 tember results. 


Compared with the results computed from the preliminary calorific 
tests (Table 5), the values Table will found considerably 
higher, due including the combustible power the “fine ash” and 
the greater heat value “coal and cinders.” 

September has the minimum power and the maximum 
amount moisture, thus becoming the most trying burning 
mixed refuse. 

V.—Practical Tests Burning other examinations 
were progressing, practical tests burning refuse were conducted 


T T | 
. 
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TABLE 8.—PRACTICAL 


Test No. 


11 


18 


| 


Date. 


| 
| 


Amount of refuse, in 
pounds. 


| 
Apr. 16. 500 
1000 
Apr. 1600 
Apr. 30. 470 
| ‘ 470 
May 28. 500 
| 
Composite sample 1000 
June 25, |Mixed refuse as collected,, 1100 
July 
night. Contained 37.5% 
moisture. 
Aug. 20, Mixed refuse as collected,, 1 500 
Sept. 10. 1431 
| 
Sept. 24. | 986 
Oct. 1. | 1547 


Time burning, in minutes. 


60 


Rate of burning, per square 


foot of grate. per hour. 


1? spread. 


Temperature 
or appearance 
of fire. 


| Short orangeto 
yellow flame. 


“ 


(Smoke. No 
flame. Fire 
smothered. 


Short yellow 
white flame. { 


Short yew to 
white flame, 
800 to 1 

fahr. 
1 200° fahr. } 
Melted lead, 
zine alum- 
inum, J 
Fire failed 


800° fahr. 


1 200° fahr. 


|) Yellowto 


white flame. 


| 800°-1 200° fabr. 
Clear hot fire. 


| Fire smothered. 
Clear hot 


| \ Poor fire. Low} 


1 000° fahr. 


Above fahr. 


temperature. 


Low temperature. 


ressure ash-pit. 
ches water. 


- 


Chimney 


Hardly visible 
except when 
feeding. 


Hardly visible 
except when 
feeding. 
Dense white at 


start. Hardly 
visible 


Light white 
smoke. 


Light white 

’ smoke. 

Dense light 
white smoke, 


Murky smoke 
at start, then 
light white. 


Light white 
hardly visible 
smoke, 
Light white 
smoke. 


“ 


Murky start. 
Hardly visible 
later. 


Murky 
dense smoke. 


Murky light 
? white. 


{ Dense to light 

white smoke. 
Light white 

hardly visible. 


q 
| | 
| 
13 
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BURNING REFUSE. 
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RESIDUE (EXCLUDING DUST). 


Clinker. Ashes. 
23.7 107 6.7 486 30.4 
140 48 8 183 36.6 Vitreous.,....... 
| Vitreous. ....... 
{a0 Vitreous ........ 


1 Fair. Not 


not all burned. 


{ Small amount 
of clinker. 
| Mostly ashes 

on grate. 


82.5 burned. 


dense. Material - 


Vitreous. Material from residential section. 


NoreEs. 


) Refuse ignited on bed of hot coals. Two 


1. charges of 250 lb. each. Burned freely. 


Hot furnace walls. Material burned freely. 


Refuse not properly ignited. Too much 


| air from blast. 


) Same material as in 3. Started properly. 
Burned freely. 


Material burned freely. 


Material burned freely. One-half grate 


start Test 7. 


Clinker from former test failed 
| fresh refuse. 


) clinkered, other half of clinker spread to 


Material burned freely. 


Hot furnace walls from Test Material 
7 burned freely. Clinker very hard and 
dense. 
{ Test to determine amount of refuse that 
could burned before clinkering be- 
} came necessary. Result—about 80 Ib. 
per sq. ft. grate. 
Test to determine amount of kindlings 
| necessary to ignite the refuse pape: 
First-—20 lb. of paper was tried with par- 
| tial success. 
Second—11 Ib. paper, 5944 Ib. wood used. 
Material burned freely. 
Much smoke in furnace room during both 
trials—due to moisture in refuse. 
Refuse in rain over-night. Contained large 
quantity of garbage, grass, weeds and 
paper. Very little ashes. 
Burned freely. Clinker apparently very 
dense. 
\ Charged on Test 14 when ‘‘D" was burned 
down to glowing mass. Fire smothered 


Refuse mostly green vegetable matter with 
small amount ashes and rubbish. 


Refuse contained much wet sawdust, de- 
| cayed fish and vegetables from stores. 
Moisture 56.5%. Not completely burned. 
Very smoky furnace room. 
Large amount of yard sweepings in refuse. 
very little combustible. Too much air 
from blower. 
Large quantity garbage, small amount of 
and rubbish. Less air than 
with better results. Not much clinker 
formed. 
Large 
{ amount of ashes. 


‘nD 
ble 
at 
e 
8. 
le 
rt. 
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e. 

ght ) 
e. (264 26.8 
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TABLE 8.—PRACTICAL 


os 
= am | 
20 Oct. 15. Mixed refuse as collected... 1495 80 98 Above 1 200° fahr. 1} ) hardly visible, 
21 Oct. 29. 1254 80 78.4 “ 1} “ 
22 Nov. 12. 1148 120 47.8 1 = 
Murky start. 
24 Dec. 10. 1559 125 62.4 1} Hardly visible 
later. 
Murky start. 
Jan. 21. 1128 Temp. low. Hardly visible 
later. 
{ Light white at 
4. 1120 70 80 Above 1 000° fahr. < start. Not visi- 
be later. 
Temp. pyro- Light white 
q } chamber temp. ght white 
30 Mar. 25. 1000 90 55.5 by pyrometer hardly visible. 
| 1100° fahr. J White at sti 
start. 
31 Apr. 8. 1335 90 74.2 1490° fahr. { 
ight white a 
fabr. { | visible 
ght white 
“ § Highest temp. A Light white at 
37 July 8. 1880 1400° fahr. start. 
Dense white 
Temp. high. Light white 
Dense white 
yet 42 Sept. 23. as “ 1200 75 80 Highest temp. ( “ start. Hardly 
1400° visible later. 


| 
| 
q 
| 
| 
| 
. 


to 
le. 
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BURNING REFUSE—( Continued.) 


Clinker. 
21.8 
27 26 
37.6 
36.2 
518 34.5 

24.2 
25.2 
19.9 
‘ 

20.6 
22.7 


Total 


Ashes. residue. 
o 
aa a6 a 
7.2 44.8 
6.6 509 38.1 


RESIDUE (EXCLUDING DUST). 


Character 
cinker. 


Vitreous. Well 


burned. 


Poor. 
clinker. Mostly 


ashes. 


Rather 


Hard. Well 
burned. 


Hard. Well 
burned. 


Hard. Well 
burned. 


Hard. Well 
burned. 


Hard. Well 


burned. 


Hard. Well 
burned. 


Hard. Well 
burned. 


Poor. Little 
mass clinker. 


burned. 


Well burned. 
Not much 


mass clinker. 


Not much 


lump clinker. 


Not much 
lump clinker. 
Not com- 
pletely burned. 


Material fair quality. 


Notes. 


Large of green vegetables and de- 


fish. Burned rapidly. 
( Large proportion of fine ash and vege- 
tables, very little rubbish. 
Large amount of garbage and fine ash. 
| Large proportion of fine ash, small amount 
coal and cinders. 

About half of refuse burned down, mass 
clinkers then removed and other half of 
refuse charged on coals of first fire. 

Material burned freely in both cases. 

Poor quality of material. Large amount 
incombustible. Residue not com- 
pletely burned. 

Material poor in quality. 

Purpose test—to determine the amount 
waste heat clinker. 511 per Ib. 


Waste heat in clinker, tested, gave 315 B. t. 
u. per Ib. 
Refuse fair quality. Waste heat from 
residue on grate gave 488 B. t. u. per Ib. 


electric pyrometer used for taking 
Combustion 
chamber 600° Chimney 000° 


Fire not well started. Excess of air. 


Material wet. In rain over-night. Furnace 
room smoky. 


Refuse dry, large quantity fine ash. 


Refuse damp. Burned rapidly. 


Fire poorly started. Much smoke from 
furnace. Excess air. 


- Excess of air. 


Material burned rapidly. Probable excess 
air. 


Electric motor broke down. Test not fin- 
ished. Material very poor quality— 
very wet. 


Test not finished. Belt tofan broke. Ma- 


* terial in rain over-night. 


Material practically all garbage, contained 
40% water. Required coal burn 
properly. 
l Material burned freely. High tem. Clinker 
min. 
Some unburned corncobs in ashes. Clinker 
cooled fan blast dropped 280° fahr. 
Excess air. 
Unburned corncobs and wood. Excess 
air. Test determine temp. which 
air could heated hot clinker. 
Note 


See 


| 
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TABLE 8.—PRACTICAL TESTS BURNING REFUSE. 


Continued.) 


Composition Refuse Burned. 


Test No. Composite A.” Test Composite 
Coal and cinders............... 208 Ib. = 41.6% Coal and Cinders.........isccccveers 145)b. 20% 
Glass, metals, etc.............- “es 


4.3% Glass, metals, etc........ 35 


500 


Tests 3 and 4. ee. Test 5. Sample. 
Coal and cinders.......... ...... 60 lb. 37.5% Coal and cinders.,.............. 68 Ib. 46.38% 
Glass, metals, etc..... 1.9°* Glass, metals, 4.5 °° 8.0% 


28.0 


Moisture test, 112 hr. drying. 


Weight, original sample... sevidaigsavashen 56 Ib, 
Coal and cinders................ 5 lb. 27.0% Water 


Moisture, 19.6%. 


Test Sample. 
Coal 


Water evaporated............... 
Moisture, 21%. 


Moisture test, 112 hr. drying. 


Weight, original sample 42 Ib. 
Glass, metals,etc .. .......... 19 * 1.9% 
Glass, metals, etc................ 5.0% 


Water evaporated ...........ssses0s 2 Sample of material from Test 10 showed 5 700 
Moisture, 37.5%. 


B. t. u. on dry refuse. (See Table 5, Lab. No. 
6 918.) 


100 500 ** 160% 
Totals 
“ 
* 
9. 
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TABLE TESTS BURNING REFUSE.—(Continued.) 


Refuse Burned. 
Test 24. Sample. Test 16. Moisture Test. 
; Fine ash......... éevrtasdeesetccns 52.0lb. 45.8% | 96 hr. drying. 
Test 34. Sample. 
Weight, original sample........ | 101“ 
20.3 ** 
Original sample Ib. 
Test 35. Moisture. 
Moisture, Test 38. Moisture. 
Test 36. Moisture. 


Moisture, 20%. 


Test 39. Moisture. 
Original 


Moisture, 40% . 

Test 41. Estimated com 
‘ by weight. 
Garbage........ 30 * 
Rubbish 
Tins, ete 


Note. —35 Ib. hot clinker was cooled from 1 700° 
fahr. to 420° fahr. (1 280° fahr.) by air blast in 20 
min. 


Test 40. Estimated composition. 
weight. 
30“ 


Note.—Hot clinker from grate cooled 300° 
fahr. air, min. 


Test 42. Estimated composition. 
60% weight. 


Note.—Air 84° fahr. was heated 423° 
passing through hot clinker. After 5 min. the 
air forced through the hot clinker by the fan 
from 428° to 270° fahr. 74 Ib. of clinker 
with large volume air was used. 
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TABLE Tests Reruse.— (Continued). 


Summary Showing Residue from Tests. 


Summer...... 4 980 295 | 84.5 1 263 25.4 | 474 9.5 
Autumn. ‘ 8 833 505 | 74.0 2 2e2 25.8 | 587 6.7 
2 739 215 | 68.5 982 34.0 22 11.7 


the West New Brighton crematory. The coal grate the Dixon 
garbage furnace (12 sq. ft. area) was used for burning the ma- 
Air atmospheric temperature was forced into the ash-pit 
Sturtevant fan driven electric motor. Paper and wood, 
reduced glowing mass the grate, were used start the fire, 
except where otherwise noted Table which summarizes the results 
forty-two trials, with other experimental data. spite such 
adverse conditions cold air blast, cold furnace walls, leakage air 
through warped doors, and high percentage moisture, with small 
amount combustible some trials, all the tests except one were 
successful destroying mixed household refuse, though unburned 
particles were times found the residue. 

The general deductions from these rough practical tests may 
summed follows: 

1.—Household refuse, collected this district, when burned 
properly designed furnace, will self-combustible, under ordinary 
conditions, showing higher power winter than summer. 
Screened refuse will give better results burning than unscreened. 

2.—About refuse per sq. ft. grate could burned be- 
fore necessary remove the clinker. 

3.—The process may made continuous retaining the heated 
coals from the top portion the fire and removing the mass clinker. 
Coal may required heat the furnace walls the operation the 
plant not made continuous. 


rate burning will higher summer than winter- 


: | | | | 


PLATE 
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VOL. LX, No. 1074. 


FETHERSTON ON 
REFUSE DESTRUCTION. 


WREXHAM. SvRROUNDINGS FROM CLOCK TOWER OF,TowN HALL. 


Fie. 4.—Moss Sipe Destructor, MANCHESTER. HOUSES IN 
BacKkGROUND WERE ErRecreD AFTeR DestrucTtoR Was 
Put «xy OPERATION. 


Fie. 2.—View From WATER Tower AT WREXHAM, SHOWING 
Hovses NEAR Destructor BuILpiInG. 
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5.—The percentage clinker will also vary with the seasons, 
being high winter and low summer. The total residue was not 
determined, large portion the fine ash was carried over the 
air blast and could not recovered. 

6.—The heat lost the removal hot clinker varied from 300 

7.—Street sweepings from this locality could not: burned with 
household refuse, except when mixed small proportions. 

from Refuse—Temperatures—In spite the fact 
that British engineers have had years experience with refuse de- 
structors, the writer has been able find only one scientific test which 
would assist determining the actual power obtained from 
refuse known calorific value. Mr. Stromeyer (in January, 
1903), continuous gas analysis, made economic test and worked 
out heat balance for the destructor Nelson, England. Guided 
some the results this test, and based upon the experience gained 
and experiments made the burning local mixed refuse, the writer 
has arranged the approximate heat balance shown Table 

Column Table answers the question (approximately and 
theoretically) the probable evaporative power local refuse 
when burned up-to-date destructor, and Column shows the 
estimated temperature the combustion chamber under the assumed 
conditions burning. 

The calculated evaporative power local refuse generally higher, 
and shows greater seasonal variation than that indicated published 
tests with British refuse. September remains the critical month 
destroying the material. 

Summarizing the results examinations, tests, and experiments 
with mixed household refuse from the district considered, the follow- 
ing conclusions are derived: 

1.—Average local refuse differs mainly from what known con- 
cerning average English refuse the higher percentage incom- 
bustible matter and the lower percentage water. The average re- 
sults expected power production are surprisingly high, and 
the seasonal variations are greater with local refuse than with British 
refuse. 

2.—Under expert management, with properly designed furnace, 
the process can carried out settled communities without nuisance. 
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PLATE XL. 
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VOL. LX, No. 1074. 


FETHERSTON ON 
REFUSE DESTRUCTION, 


Fia. 1.—Bromuey Destructor. Hovses To THE RIGHT. 


Fie. 2.—BroMLeY DESTRUCTOR. RESIDENCES NEARBY —IN 
PLAIN SiGHT oF PLANT. 


Fie. 3.—SHorepitca DESTRUCTOR 1s IN REAR OF CHAPEL, WITH 
BUILDINGS ON ALL SIDES. 


Fic. 4.—ANOTHER VIEW AT SHOREDITCH. THE DESTRUCTOR IS 
AT THE RIGHT OF THE CHIMNEY. 
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average local residue will greater than the average 
English residue mainly because the high percentage fine ash 
which will some extent carried away from the fire-grate the 
forced draft. 

4.—As compared with the local cost burning garbage and caring 
for “ash and rubbish” dumps, the cost the destruction mixed 
refuse will probably higher, though proper utilization the steam 
generated and the clinker resulting may offset this increase cost, 
while rearrangement the refuse collection system may tend fur- 
ther make the cost the methods comparable. 

5.—For the particular conditions herein considered, mixed-refuse 
destruction appears offer the best solution the problem. 


Pending the acquisition property for the erection the first 
installation, the writer was directed the President the Borough 
Richmond examine number British refuse destructors 
actual operation, that the various reports might verified and the 
differences composition, quantity, and quality refuse noted, 
addition obtaining data whereby the best type modern destructor 
could secured. Particular .instructions were given observe the 
weak points mixed-refuse destruction. 

During May and June, 1906, thirty-nine installations Great 
Britain were inspected, and August, 1906, the only destructor 
the British type the eastern part North America, Westmount, 
suburb Montreal, Canada, was visited company with Louis 
Tribus, Am. E., Consulting Engineer the President 
the Borough Richmond. Thus forty destructors were examined, 
thirty which were England, three Wales, three Ireland, 
three Scotland, and one Canada. 

covering large field, wherein variations type and design 
destructors burning different kinds refuse were encountered, 
better general knowledge the results attained disposing refuse 
was secured than attention had been concentrated smaller num- 
ber plants. 

Efforts were made obtain complete data following schedule 
covering the main factors the process mixed-refuse destruction, 
that the various features each installation might tabulated 
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and compared with other plants visited. The facts secured the 
different destructors were checked comparison with published data 
where such were available. 

Table represents condensed form the results the writer’s 
observations the forty destructors examined. summarizing and 
discussing British practice refuse collection and destruction, the 
general order the headings Table will followed. 

The Collection Refuse.—British household refuse, consisting 
ashes, garbage, and rubbish, thrown into one can, bin, ash-pit 
the householder. The materials are then dumped shoveled into 
wagon cart and removed the place final disposition. Or- 
ganic waste (garbage) not separated from ashes and rubbish, 
usually the practice the large cities the United States, where the 
reduction system has been generally adopted. 

Municipal ownership and operation the refuse-collection ser- 
vice Great Britain general, and the contract system almost un- 
known. Single-horse covered wagons vans, holding about cu. yd. 
material, are common the larger cities, and the type horse 
used rather superior any noticed the vicinity New York, 
similar work. 

Frequency Collection—Refuse,is collected weekly Great 
Britain, rule, though some municipalities the material re- 
moved while other cities, where the old-style ash-pit system 
use, monthly clean-out common. American acquainted 
with the daily collection garbage the large cities the United 
States, this delay removal may seem unsanitary, especially 
summer, when organic wastes decompose rapidly, but differences 
conditions explain the matter: 

garbage and rubbish are thrown together into one 
receptacle, and the ashes absorb the excess water and tend de- 
odorize retard the decomposition the garbage. 

average Briton not wasteful the average 
inhabitant Richmond Borough, the figures Table indicate. 

Thus the period during which the ordinary refuse receptacle over- 
flows will longer Great Britain than the West New Brighton 
District, for which accurate figures have been compiled. 

Third.—Differences climate and the habits the people may 
explain further the long-time period refuse collection practiced 
Great Britain. 
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Date visited; 
municipality; 
population; 
and 


area. 


Reference Number. 


1906; 


London, Eng.; 
Pop., 156 000; 


May 1906; 


Area, 4 706 acres. ; 


May 1906; 


London, Eng.; 
Pop., 235 817;" 


Area, 2 678 acres. 


1906; 


rban District 


Council, Eng.; 
000; 


Pop., 


May 1906; 


Watford Urban Dis- 
trict Council, Eng.; 


85 Ooo: 


May 1906; 


Wandsworth Borough, 


1906; 


May 
of ‘Letts 
arf 
Resident Pop., 988; 
Business Pop., 800 000; 


} 
| 


Area, 673 acres. 


May 1906; 


Westmineter Borough, 


8 London, Eng.; 
Pop.. 177 


Area, 502 acres. 


General 


Collection 
| 


Frequency. 
Cost per long ton. 


Estimated com 
sition by weight. 


Ashes. 


OPINION CHARACTER REFUSE. 


Percentage. 


refuse 
dark brown black 
color—due to ash from 
bituminous coal. 


Garbage. 


Rubbish. 
Glass, metal, etc. 


Fulham, 


Area, 1 701 acres. 


Poor le — 
St. Pancras Borough, 
manufacturing; 


Suburban; resi- 
dential; village 


Suburban; resi- 
dential town of 
the better class. 


people 


Business; mainly 
stores, offices, 


dences British 
officials, govern- 
ment buildings, 
parks; alsoa poor 
district; 

residents gen- 


Suburban; resi- 


Tri- 


| } | Fair. No lum 
ash—rather moist. 


Large quantity 


Nolump coal— 
garden refuse . “| 


and rubbish in sight. 


fine ash 
5 


| | Fair. Quite some green 
garden refuse and 


| | 


with very little ashes 


rubbish and garbage. 


Apparent value asa fuel. | 


10 | 10 Fair. Quite some | 


garbage. lump 


Location plant. 


Isolated. Houses 600 to 
800 ft. off. Corpora- 


Central. 
houses 100 ft. off. 
General corporation 


Central. Houses and 
stores 400 ft. off on 
two sides 


Isolated. At sewage 
farm. Houses 1 000 


Isolated. Houses one 
side 300 ft. away. On 
outskirts town..... 


Central. 
houses on two sid 
100 ft. off. Genera! 


corporation yard..... 


corporation 


Central. AtShot Tower 
Wharf banks 
Thames. Corporation 


| Meldrum. 


TABLE DEs 


description. 


Horsfall. Standard, back 
back, cells, top-feed, Bab- 
cock and Wilcox boilers, 
steam-jet blowers, heated air, 
chimney, 100 ft. ft. 

dust | 


|, Horsfall. 
cart system. 
jet blowers, heated dust 


Warner. hopper or) 
bin storage, 18 cells, 
back. 1 Hornsby boiler, fan } 
draft, using cold (atmos-| 


Meldrum. Two units grates 
| each, front hand-feed, 2 Corn- 
ish boilers, steam-jet blowers, 
heated 


feed direct cart charging, 
4 cells, 1 B. & W. boiler, fan } 
draft, with cold air. Chim- 


banks multitubular boiler, natural 


| Horsfall. Top-feed, direct ome 
charged, 6 cells, 1 B. & V 

boiler, steam-jet 
heat air, mduced fan/{ 
draft, dust catcher. Chim- 


Erected. 
Rated capacity tons, 
(2 240 lb.) per 24 hours. 


cells, single 


to| 


Burning 


boiler, steam-jet blowers, 
heated air........ 


Appurtenances. 


tween two blocks of 6 cells, and 
are arranged for coal firing. An \ 
economizer in use. Clinker j 
crusher, sorter, flag and oged 


Brick chimney 100 ft. ft. 
Clinker railway. Elevator for 
hoisting loaded carts tipping 
platform. Inclined roadway for | 

ft. high used also | 


\ plant in an adjoining building 


( Brick chimney’ 


| by adjoining electric light sta- 


tlon—said to be of insufficient | 
capacity. “Substantial brick 
buildings. Mortar mills, clinker | 
{ and stone crushing piants in use. 


(Two units, each with 
one Cornish boiler. Brick chim- 
ney 60 ft. high. Substantial , 
brick building. Sewage pumps 
and air compressors adjoin- 


Brick chimney 170 
and corrugated iron building. 
Inward ventilation furnace 
room. Pumping machinery } 


and air compressors in separate 
building 50 ft. away............. J 


"|| with reserve coal-fired boilers 


Substantial brick building and 


) chimney. Solid filied inclined 


roadway....... ans 


{Gor out of repair and now aban- } 


doned as refuse station is to be \ 
removed to another locality. 
Material now being barged away 


(Corrugated iron building. 
storage. Clinkering floor below 
ground level. Clinker removed 


4 by skips running on overhead } Works pu 
rail and elevated power 


ground level. Very restricted 


population. 
oor e | | 
| 
Works 
| crowded | } 1895 | = 
| oon | 00 gal 
| ] | 1 
| | | 
J | | } 
| | | l | il 


accessories. (f) Total. 


value asa fuel. 

British refuse Type and description. Appurtenances. Power utilized for: refuse burt 
bwn to black in | (b) Building. is 

with boiler Repairs. 


(a) Year 
a) £167 
: c cells, top-feed, 6 Ba } | ween two blocks of 6 cells, an c y .7 € 
ather mois' chimney, 100 ft. ft. in., crusher, sorter, flag and brick 454 (e) 
| | | 
Horsfall. Top-feed direct Brick chimney 100 ft. ft. in. 
‘i rick chimney t.high used also 
Warner. 
fine ash) Central. Houses and bin stora cells, adjoining electric light purposes. Only 
Two units grates rnis er. Brick chim- umping. (a) 
fuse sight. ish boilers, steam-jet blowers, tons building. pumps ft. Only part $22 (e) 
feed direct cart Substantial brick building and $24 524 (a) 
Cells out repair and now aban- 
ames draft. Chimney, 150 ft. high. Material now being barged away 


DaTA, OBSERVATIONS AND DEDUCTIONS. 


ND, AND CANADA. 


OPERATION PLANT-—OBSERVATIONS. 
| | 
} Approximate | 
per man 
pairs. (2 Ib.) 
1902. 
202d | | load of lighting | | from ciinker doors. ! linker very dusty— | Sold at 1s. 6d. (37) 
Cremating chamber for Building clean and well 
(| dead animals, etc. |Clinkering hot work. kept. Plant working un-! { Part sold, rest used ) 
1 | Water-sealed top- from. éHa | Clinkers not very der easy conditions. 1 800 fom rond Sold 
| feeding doors. Cart| | doors. Some dust while j 
| | 
little dust abou ‘ur- us or mortar 
ore- er hard......|| conditions torage teria 
About 1000000 gal. 
Hopper storage of furnaces ample... } ing of refuse into hopper. 1905, £101 ($495)... 
ee 
refuse...... 
feature. Power used from rear Used for setting 
lying steam dish level. | doors when charging. | | disinfecting | 
(| This old type of destructor } | 
for twenty years.. refuse sight. 
| 
Is. lied Induced fan for addi- space lacks [ stricted; | Smoke escaped in, large) | [ ity. Used r | Made into 


DATA, OBSERVATIONS AND DEDUCTIONS. 


ABLE DESTRUCTORS VISITED ENGLAND, WALES, IRELAND, SCOTLAND AND CANADA. 


DaTa ON PLANT. 


OPERATION OF PLANT-—OBSERVATIONS. 


Data from builders operators 
destructors. 
| 
| — | | | A 
Power utilized for: Complete. urned. burned Special notes plant. Character clinker. General 
per man 
with boiler and| 13} Sinking Fund.| Long tons | | 
a) £167 | 
per in use. Clinker works purposes ...... } (dad) £11118 2.88 cts. f load of lighting t Stoking through | hard. Some smoke * | yard very dusty— | | 
adjoining building ( 04 
$22 956 | 
ft. 9 Cremating chamber for , { Building clean and well) 
Top-feeding through 
ecrashing plants in use. | | 
uldin ing. Sewage pumps lifted” 83 ft. Only part $22 100 } (e) Nore- % Chnker hard ...... conditions, Storage of 
iron building.| Sewage pumping. $33 320 sewage raised ft. Front-feeding Plant welloperated. Some) 
(a) £8005) feature. Power Stoking from rear 
brick building and $24 524 | (a) 1s. | for lighting worksand || cell. Lack of light | 
roadway.) | plying steam to disin- 
repai an-) This old type destructor 
below | | | (ch keri ea 
leve (a) Stoking space lacks area smoke escaped large 
élevated by power t { (e) 5% {| ports when charging..... 


| | 
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PLATE 

TRANS. AM. SOC. CIV. ENGRS. 
VOL. LX, No. 
FETHERSTON 

REFUSE DESTRUCTION. 


Approximate 
temperature of 
main flue at 
time visit, 
degrees, 


rted evapora- 
on per pound 
Clinker. Flue dust. Tins, etc. 212° possible causes 
complaint. 
Crushed, screened, 
cts.) per 
Part sold, rest used 


| 
| 


Carted off or made 
into mortar....... 


Hand-broken and 
for mortar 
making and bac- 
teria beds. Rev- 
enue, £180 ($911) 
per 


Sold for 1s. 8d. 
per ton at the 
works. Revenue 
from clinker in 
1905, £101 


—— 


Used for setting 
stone ve- 
ments. Made 
into carbolic 
disinfecting 


cts.) per ton...... 


Clinker fair qual- 
ity. Used for 
mortar making or 
barged away...... 


Made into car- 
bolic disinfect- 
ing powder... . 


Sold. 
|Revenue, 
1905, 
($39). 


1.56 Ib. in 9hr. test 
on April 22, 1904... 


for 6-day test. 


| 


from 
ker yard. Low 
temperature... 


None........ 
None........ 
Smoke from 


building when 
feeding doors 
are opened.... 


Dust and smoke inside 


DEDUCTIONS. 


Objectionable features. 


Dust inside building and 
clinker yard. 
smoke building.... 


Dust inside plant and 
clinker yard. Small 
amount smoke 
from feeding doors 
when charging....... 

Dust in and around 
building. 
imperfect. 
working Er and 


lack light and 


at clinkering floor.... | 


Open storage refuse 
on floor in rear of fur- 
naces not desirable. 


Dust inside building and 
about clinker yard.... 


Obsolete type 
structor....... 


building. Stoking and 
clinkering space badly 


site. Stok- 
ing 
performed under dif- 


Commendable features. 


Large plant, solidl 
well 
produe- 
-products util- 


construct- 
ed and operated plant. 
Light and ventilation 
excellent. Working 
under easy conditions.. 

ings. Furnaces 11 years 
operation. 

plant, but still 
doing fair work in dis- 
posing refuse. 

signed, constructed and 
operated. Working un- 
der easy and comfort- 
able conditions. Saves 


Saves fuel bill 
£900 ($4410) per 
Plant well de-} 
signed, constructed and | 


operated 


Plant well operated, sub- 
stantially constructed. 
Working under easy 


Furnace twenty years 
operation 


High temperature. Fur- 
naces well built ........ 


Destructor portion fitted 
into general design made 
consulting engineer. 


Authorities 
no refuse 
handled. 


uired that 
should be 


under way caused 
t to be in 
worst conditions. 


No inclined roadwa 
vided because o 
siderations cost. 


pro- 
con- 


Destructor was required 
the authorities fit 
very restricted site. 


t 
‘ | | | ($1 813) per annum..... 
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TABLE 11. 


Locality. 1000 inhabitants per day. Authority. 
| 

Average, George Watson. 
South of England...............0+. 0.56 to 0,84 | H.N. Leask. 
Middle England 1.12 Leask. 
Northeastern England............. 2.24 H. N. Leask. 
Tottenham, England ............. 0.68 J. E. Butler-Hogan, M. D. 
Bradford, England ................ 1.176 Ernest Call. 
Glasgow, Scotland................. 0.86 D. McColl. 
Richmond Borough, N. Y. | 

Maximum (winter-spring)....... 1,94 Author. 


The Cost municipalities generally have ex- 
cellent accounting systems, but poor cost-keeping methods, though 
some cases both accounting and cost-keeping are advance most 
American cities. 

‘Figures the cost collection refuse (which includes removal 
the place final disposition) were available four places, fol- 
lows: 

Tottenham, England ........ $0.56 per ton 2000 
Bradford, England (one year) 0.68 


later paragraph, the average labor cost for destroying mixed 
refuse some British destructors shown $0.215, hence the cost 
collecting the material about three times the cost destroying 
it, when operating expenses alone are considered. Thus, any sys- 
tem final disposition refuse, the cost collection becomes most 
important factor the economy the method. 

Composition word refuse, used this portion 
the paper, refers refuse alone, street sweepings were 
not burned any the plants visited. some special cases, how- 
ever, night-soil and dead animals were cremated the destructors. 

Household refuse will vary composition according to: 


(a).—The geographical position the city and its relation 
the fuel and food supply; 
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(b).—The particular district the city considered, business, 
residential, tenement, manufacturing; 

(c).—The character and habits the people; 

(d).—The season the year. 


Very little attention has been given municipal engineers de- 
termining the composition and calorific value British refuse, and 
only scattered data are available for comparison with the refuse 
other countries. British destructor makers, however, 
guaranties power production upon examination the refuse 
each locality. This involves previous experience with results ob- 
tained under like conditions other places. Thus sight valuation 
estimate the composition refuse different cities should 
service determining the feasibility burning refuse without 
the use additional fuel, and for comparing results power pro- 
duction. 

each plant estimate, weight, was made four general 
components refuse, viz.: (1) ashes, including other small inorganic 
materials; (2) garbage, organic matter; (3) rubbish, paper, straw 
and such light combustible materials; and (4) glass, metal, Some 
previous experience helped the writer this respect, though should 
understood that the figures for the different cities shown Table 
are based upon the quantity refuse hand when each plant 
was visited, and are merely rough estimates. 

first sight, the difference general appearance British ref- 
use and that found the vicinity New York was apparent. The 
color British refuse dark brown black, due the soft coal 
ashes, while ashes from hard coal, such used New York, are 
light gray color. Again, British refuse varies appearance and com- 
position with the distance from the coal fields, the character the 
district, and the habits the people. London and the south 
England, the refuse rather lighter color than that found 
Middle England near the colliery districts, where darker, 
and more unconsumed lump coal visible. 

comparing American household refuse with the estimates given 
Table 10, localities having the same general characteristics and for 
the same period the year should chosen. this basis, 
general conclusion, the writer the opinion that British refuse 


Reference Number. 


Finsbury Borough, 


Plumstead 


86 000 in destructor 
Area, 8 986 acres 


Shoreditch’ Borough, 


Walthamstow Urban 


| 

Date visited; 

municipality; 

population; 
and 


area. 


May 9, 1906; 


London, Eng.; 
Pop., 958; 
Area, 
10, 1906; 
Borough, 
Eng.; 


Pop., 791, 
district; 


May 11, 1906; 


London, Eng. 
Pop., 708 
Area, 640 acres. 


London, En 


Pop., 130 486; 


Area, 1 506 acres. 


May 12, 1906; 


East Ham, "Municipal 
130 000 Eng. ; 


aves 3 820 acres, 
May 14, 1906; 


Sheerness Urban 
— 


Pop., 


May 14, 1906; 
Chatham Dockyard, 


May 1906; 


Pop., 115 
Area, 4 355 


| 


sition weight. 


Business and 
crowded 


Business and 


military post. 


large number 


ete. 


Location plant. 


Type and description. 


(2240 per hours. 


Rated capacity, in tons 


Appurtenances. Powe 


Wharf on banks of 


| Isolated. Row of houses 
300 ft. off on one side. 


Critical. Surrounded 
all sides buildings. 


Critical. rear Town 
Hall, with houses on 


tion 


At 


| Critical. Houses on all 
sides. School about 
8 ft. from refuse stor- 


Apparent value asa fuel. 
Percentage. 
35 5 
| 
| | | ing over; only rub- 
burned. Ashes, bot- 
| tles, ete., sold........ 
Fair. Moist refuse 
| 
| | Rather poor in qual-) | 
calorific quality.. 


sewage farm and cor- 
poration yard. Work- 
men’s houses 100 ft. 
away one side...... 


Meldrum. Front hand-feed, 3 


boilers, steam-jet blowers, } 


heated air, superheaters, 


| 


Top-feed, 
patent arging 


boilers, fan draft, cold Ak 


economizer, chimney 150 ft. } | 


high..... 


& W. boilers, fan draft 
with cold brick chimney 


Top-feed, 8 cells, 


| 1906 
| 


2 units, 1 in 


tion, steam-jet 
blowers, heated air........... 


Meldrum, 1 unit of 2 grates, 


front steam-jet 
blowers, heated ‘air, 1 Lan- 
boiler, chimney ft. 


blowers, heated air, 1 Lan- 
cashire 


| 


each, Lancashire boilers, 


steam-jet blowers, heated air, 
fitted for top-feeding front 


hand-feeding, latter now 


USO... 


for 


one 


three working levels—feeding, | | 
stoking and clinkering. Refuse || pan eng 
from rearand clinkered front 
lowest level................ 


Brick buildings, electrical sta- | 

tion in adjoining building. | Electric 

Supplementary coal-fired boi works 
J 


Cells are separated. There are 


plant. Not enough refuse avail- 
able run furnaces full 


Boulnois, Wood Brodie’s patent 
charging trucks use. Boilers 
arranged forcoal firing. Refuse | Wectric 
elevated to top of furnace 44 works 
power, then into charg- 
ing trucks. ermal storage 


Refuse stored top cells. Air) 

for forced draft drawn from 
hood under which clinker is | Electric 


from the cooling residue are 
passed back through the cells 

New furnace ‘substantially 
constructed. e unit in oo 
ation is doing excellent work t Sewage 
Building large, with plenty works 
light and air; glazed brick used 
on interior walls................ 


room for tipping and 

storage of refuse. Supple- 

mental coal-fired boiler plant Water 
use when destructor 


substantial destructor. 


any obnoxious odors baths. 


Large central Electric 


Dead animals cremated 

bustion chamber furnace. 
> sludge, but the burning works 
udge was discontinued. 

Brick chimney 120 ft. high, 

Corrugated iron building....... 


| 
4 | | f | 
| | 
| 
| 
| 
100 
May 11, 1906; 
Bermondsey Borough, 
Suburban; Isolated. for 
Poor le 
mainly; | 
| dock yards. AGS TOOM,... 
Central. Inside main 
| 
N eri 


fF REFUSE. 


value asa fuel. 


refuse 
to black in 


to ash 
8 coal. 


orted by fork- 
er; only rub- 
and garbage 
mi. Ashes, bot- 


refuse 
at least 30% 


‘alorific value 
15% higher 
mter than in 


qual- 
arge quantity 
den 


sight. 
fic quality.... 


por quality. 


from 


Central. 


Appurtenances. 


az 
| 
Type and description. 
Wharf banks Hornsby boiler, induced fan 


Critical. rear Town 
Hall, with houses 
all sides. Corpora- 


Critical. 


sides. School about 


gateway of dock- 


sewage farm and cor- 


poration yard. Work- 


Houses on st 


Inside main 


men’s houses 100 


| Meldrum. Front hand-feed, 3 


boilers, steam-jet blowers, 
heated air, superheaters, 


Fryer’s Improved. To feed, | 
patent charging device, 
boilers, fan draft, cold air, 
economizer, chimney 150 ft. 


Sterling. Top-feed, 8 cells, 4 
B. & W. boilers, fan draft 
with cold air, brick chimney 


operation, under 
tion, boilers, steam-jet 
blowers, heated air........... 
front steam-jet 
blowers, heated air, Lan- 
boiler, chimney ft. 


front hand-feed, steam-jet 
| blowers, heated air, 1 Lan- 
| gcashire boiler,....... 


Meldrum. units grates 
each, Lancashire boilers, 
steam-jet blowers, heated air, 


fitted for top-feeding front 
hand-feeding, latter now 


USO, | 


Cells are separated. There are 
three working levels—feeding, 
stoking and clinkering. Refuse 
slides down an incline, is stoked 
from rear and clinkered in front 


Chimney brick, ft. high. 
Brick buildings, electrical sta- 
tion adjoining building. 
Supplementary coal-fired boiler 
plant. Not enough refuse avail- 
able run furnaces full 


Boulnois, Wood Brodie’s patent 
charging trucks use. Boilers 
arranged forcoal firing. Refuse 
elevated top furnace 
power, then dropped into charg- 
ing trucks. ermal storage 


for forced draft drawn from 
hood under which clinker is 
any obnoxious odors resulting 
from the cooling residue are 
passed back through the cells. 
New furnace very substantially 
ation doing excellent work. 
Building large, with plenty 
light and air; glazed brick used 
on interior 


storage refuse. Supple- 
mental coal-fired boiler plant 
use when destructor not 


Very destructor. 
Building open front. Stor- 
age hopper. central 
power station next 


Dead animals cremated com- 
bustion chamber furnace. 
— sludge, but the burning 
udge was discontinued. 
Brick chimney 120 ft. high, 
Corrugated iron building....... 


PLANT. 


Power utilized for: 


Separate room for tipping 


Electric 
works purposes,..... 


works 
Electric power and 
for public 


Sewage pumping and 
works 


Water pumping......... 


Electric 


works purposes,...... 


lighting and 


Electric lighting and 


Sewage pumping and 


Data from 


destruct: 
Cost 

Cost con- 
struction: per long 


(a) Complete. 
(b) Building. 
(c) Chimney. 
(d) Destructor. 
with boiler an: 


accessories. tf ) To 


(a) £12 600 
($61 740) 


(d) 
($17 150) 


(a) 
($49 000) 


(25 


| | Labor. 
| b) Superv 
Interes 
rr 
| | | | 
| | (@ 27 c) 7.6d, 
nance 
} stores 
| | (7.6d.=1 
Refuse stored top cells. Air 
| 
($11 858) 
100 tons 
units; 
| | in one 


ders operators 
tructors. 
Approximate 
uabor. per man | 
lepairs (2 Ib.) 
Stoking difficult, Fire cells dull. Tempera- Poor quality; 
stricted badly pletely feeding burned............ 
Well-designed, constructed | Clinker about 30% 
bricks and and flue clean- tar, used for 
5.3 cts. | | 
m 8 | | ; 
coal- boiler defective 


Centrifugal pumps... 


not oper- Buildings clean and Sold made into 
removal) 


| 
| 


hard, well 


Pumping plant 


adjoinin; Sold at 6d. (12 cts.) ) Used as a base 


used for various purposes 2 000 rload,or made- for _ carboiic- 


pressure Clinkering hot, nto slabs 


about Corporation yard. . 


| 
| 


ENGLAND, WALES, IRELAND, SCOTLAND AND CANADA. DATA, OBSERVATIONS AND DEDUCTIONS. 


DATA ON PLANT. 


ENGLAND, WALES, IRELAND, SCOTLAND 


CANADA. DATA, OBSERVATIONS AND DEDUCTIONS. 


OPERATION PLANT—OBSERVATIONS. 


| 


| Data from builders or operators of 
destructors. 
(b) Building. \(b) Supervision. per hour. 
Chimney. Interest. 
Sinking Fund. Long tons 
accessories. 
There 
Mi clinkered in front | 
| 
ary coal-fired boiler works purposes | for making bricks and 
nough refuse avail- | | | slabs | 
furnaces at full 
e's paten' ' (45.3 cts. 
rappel intocharg- | | works purposes...... oo {| at 
ermal storage | | stores (1908). BIE, 
| | (7.6d.=15.4 cts.) lp tok 
drawn fr ; i state of repair. Plenty 
which clinker power and) light and air 
a! substantially | | | | 3 250 000 gal. of sew- 
sarge, with plenty of ; works purposes....... | | 8. 
| 
fired boiler plant in } Water pumping......... (a) £2 420/ (25 cts.) | Men cleaning out 
antial ont. Stor: | | | 
ben i . Stor- (| (d) £8500; | Des 
next 
cremated in com-) 
Bney 120 ft. high, lj me of visit,......... 
building 


Stokin 


Front-feedin 


Feeding—Stoking. 


difficult. 
Air and light very 
badly arranged... 


and 
stoking. Hot and 
heavy 


Front-stoking; hot 


‘Front-stoking from 


clinker floor....... 


Feeding, stoking 


and 


from front.... 


All 


All work done 
front furnace... 


All work done at 
front of furnace. 
hot, 


dusty work.... 


fair. Clinker 
rows hot work.. 


work done 
front hard, well burned. 


Clinkering— 


Clinkering difficult, 
clinker not com- 
pletely 


removal 


Clinker poor 
quality; some un- 
burned particles 
residue,,.. 


Clinker fair 
quality. Clinkering 
heavy, hot 


linker hard. 
removing 
clinker barrow. 


in 


linker removal 
space rather badly 


Clinker well 
burned ... 


Ge u2aral notes. 


Fire cells dull. Tempera- 
ture low. Smoke from 
feeding doors............+ 


Well-designed, constructed 


and plant. 
‘i building. ust from 


clinkering and flue clean- 


Air in building dusty; 
| smoke escaping from top- 
| feeding doors; odors 

about plant............. 


| 
Open top-feeding ports cov- 
refuse; dust 
when tipping 
refuse top cells. 
Storage system for refuse 
defective 


Plant well managed and 
well operated; power 
used for various purposes 
about Corporation yard, 


| 
| 


working under easy 


conditions,......... 


Buildings clean and well 
kept; destructor in good 


Notino 
tion, 


sight, 


200 


1 800 


tion... 


— | | | 
| 
Approxi 
temperat 
time 
Fabren 
| 
| 
| 
| | 
| 
| 
| 
— 
| 
| | 
| 
— 
| 


PLATE 

TRANS, AM. SOC. 
VOL. LX, No. 1074. 
FETHERSTON 

REFUSE DESTRUCTION. 


Reported evapora- 

| tlon per pound | 

Flue dust. Tins, ete. 212° fahr. 


Poor 
not completely 
burned. 


Clinker about 
1 8004. Clinker made into 
tar, or used for 
road bottoming... 
(Sold at 1s. (25 cts. 
opera- 
Sold 6d. (12 cts.) Used base 
2000 : r load, or made for carbolic 
nto slabs ........ 


1 917 Ib. in 24-hr. test.| None 


od 


None 


Smoke from top- 
feeding doors; 


clinker 


Nuisances 
possible causes 
of complaint. 


ors from 


tee 


Dgpvctions. 


Objectionable features. 


Plant badly located. 
Defective 


Dust inside 
and clinker yard. 
Clinkering very heavy 
work. Plant appar- 
ently too large for 
present require- 
ments......... oe 


Plant badly located 
crowded section; com- 
plicated feeding de- 
vice; lack of light 
and air in building... 


Top-feeding and refuse 
storage system de- 
fective; cells poor 
state repair; dust 
inside building........ 


Dust from storage 
per and from clink- 
ering operations...... 


Dust from refuse and 
clinker......... 


Possibility dust from 
tipping refuse and 
clinkering, causing 
some local discom- 


Dust from storage hop- 
and from clinker- 
ing operations........ 


Remarks. 
Commendable features. 


Excellent plant. High 
temperatures. Steady | | 
steaming. Clinker 
utilized.......... 
It be that 
the repairs under way 
cause some ob- 
costs available....... jectionable features. 
Plant well managed: 


developing electrical 
units per ton refuse 


Substantial plant, doing 
excellent work; said to 
save £1000 ($4900) per 
annum incoa! bills...... 


Excellent plant; well 
managed; central loca- 
tion; refuse tipped and 
stored separate build- 
ing. Saves £400 ($1 960) 
net 


Well-constructed plant, 
of modern design....... 


Furnaces duplicated to 
avoid complete shut- 
down for cleaning; 
clinker well utilized. 
Saves in fuel £650 
($3 185) per annum..... 


temperature... 
bd. | 
| ton. | | | 


MUNICIPAL REFUSE DISPOSAL 375 


contains more ashes, less garbage, less rubbish and more moisture 
than household refuse the vicinity New York, though the higher 


percentage moisture during May and June, 1906, might have 


due prolonged rainy period. From such information was 
obtainable regarding the composition British refuse, would appear 
that such seasonal variations occur may found comparing 
American summer with American winter refuse, while, during the 
fruit season, British refuse contains wastes comparable melon 
rinds and corn cobs. 

superficial observation British refuse apt prove decep- 
tive the amount garbage present the mixed mass, the dark 
ash tends cover and conceal garbage which would otherwise quite 
apparent the lighter colored anthracite ash. 

Apparent Value British refuse has fuel value 
proved beyond doubt the two hundred more destructors 
which refuse burned throughout the year without additional fuel. 
There would seem large seasonal variation the calorific 
power the material, though one instance difference steam 
production 15% less summer than winter has been noted. 

The average evaporation for eighteen tests quoted Table 
amounts 1.62 lb. water per pound refuse. Assuming 
ciency 50% (boiler and grate) per pound refuse, the calorific 
value the average material burned during the tests would amount 
3130 u., which practically agrees with the estimated calorific 
power average British refuse given various authorities the 
subject. 

Location location plant for the final disposi- 
tion refuse has most important bearing the cost the collec- 
tion (including removal) the material. Economy collection 
requires that the plant shall centrally located with regard the 
district served, and that loaded collection wagons carts shall pro- 
ceed with the road gradient. 

the forty destructors, four were critically located, that the 
least nuisance would probably result the abandonment the plants; 
seventeen were centrally located advantageous positions with re- 
gard the district served, but the surrounding houses were not 
close proximity the destructors; nineteen were placed the out- 
skirts towns and not likely cause complaint, even the plants 


were not well operated. 


2a 
' 
it 
{ 
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MUNICIPAL REFUSE DISPOSAL 


Complaints nuisance due the location British refuse de- 
structors settled localities are said rare, and, far could 
determined, very few the plants visited deserved condemnation 
this respect. The photographs which accompany this paper indi- 
cate beyond doubt that mixed-refuse destructors can safely placed 
central localities. 

Certainly the town councilmen Bermondsey Borough, London, 
would not allow nuisance directly the rear the Town Hall 
(Figs. and Plate XVIII), nor would the people living about the 
Sheerness destructor (Figs. and Plate permit ill- 
smelling plant continue existence. Wrexham, Wales, 
(Figs. and Plate the destructor critically situated, 
and Rathmines, just outside Dublin, Ireland, the destructor 
the rear the Town Hall (Fig. Plate with houses near- 
by. many other cases destructors are located that any nuisance 
would certainly result complaints people living the vicinity, 
and probably end closing the plant. 

not advisable, however, place refuse destructor the 
midst higher inhabited buildings, the dust, with possibly oc- 
casional escape smoke, may cause some annoyance, though even 
this trouble can obviated proper attention details the de- 
sign the destructor building. 

Types the forty plants inspected, ten different 
kinds furnaces were represented, follows: 


Name Furnace. Number Inspected 
Beaman and Deas 
Fryer’s Improved (Manlove-Alliott and Company).... 


All these destructors contain large brickwork chambers having 
fixed grates with boilers placed outside the refuse-burning portion. 


Reference Number. 


Date visited; 
municipality; 
population; 
and 
area. 


May 
Dis- 
trict Council, 
Pop., 122 600 
Area, 3 083 acres. 


May 16, 1906; 
ettering Urban Dis- 
rict Eng.; 

Pop. 

Area. 2 acres. 


May 17, 1906; 
Stoke-upon- -Trent 
Municipal Corpo- 

ration, Eng.; 

Pop., 000; 

Area, 881. 


May 17, 1906; 
Municipal 
Corporation, Eng.; 

424; 
Area, 4 202 acres. 


May 18, 1906; 
Wales) 


r serves 50 
Area, 6 229 acres. 


May 19, 1906; 
Wrexham (Wales) 
Municipal Corpora- 

tion; 

Pop., 966; 

Area, 805 acres. 


May 19, 1906; 
(Wales) 
Coun- 


Pop., Resident, 9 310; 
Pop., Summer, 30 000; 
Area, 2 802 acres. 


ok 


May 21, 1906; 
Dublin (Ireland); 
Pop., 268 000; 
Area, .... 


General character 
of 


population. 


Working people, 
stores, 
dences, manu- 
factories, boot 
and shoe making 

centre. 


Laboring people 
enerally; c 

district 


Laboring people 

col- 
ery 
tery district. 


Mixed. Colliery 
district. 


Laboring people 
generally; col- 

liery employees. 
Coal district. 


Summer resort. 
Large number 
of hotels and 

boarding houses. 


Business and 
residential. 
Large 

q 


er. 


| 


Collection refuse. 


62i¢c. 
Daily 
nightly. ton. 


| wont... os 


| 


Daily for 
65% and tri- 
weekly for 

85% of 


Estimated compo- 


sition weight. value fuel. 


Percentage. 


refuse sight. 
quality. 


Fair. Destructor build- 
er guaranteed 1.2 Ib. 


steam per Ib. refuse. 


Mainly ashes 


Good. Same as 
Stoke, except that 
there was more 
moisture apparent. 


Good. Some un- 
burned coal 
visible 


Refuse sight mainly 
rubbish and 
bage; see Fig. 
Plate XCVI. 

times coal used 
with refuse to keep 
the temperature. 


Said good. Ref- 
use in sight con- 
sisted mainly 
rubbish from stores. 


Fair. Refuse sight 
came mainly from 
tenement house sec- 
tion.... 


Location plant. 


TABLE 


| Central. 


Central. 


Isolated. On outskirts 


by workmen’s houses. 


men’s houses about 
100 ft. away..... 


Isolated. Nearest house 


Isolated. On outskirts 


of town, adjoining 
electric-lighting sta- 
tion and gas 


manure station where 
a Fryer destructor 
formerly was operated. 


Surrounded 


Row of work- 


boiler, fan draft, heated } 

600 ft. away .......... air. Samegeneral type as the 

houses, school heated steam-je 

1 unit of 4 grates, 

7 | hea r. imney 
| Meldrum, Beaman ¢& Deas. 


Central. 


| Warner. Top-feed, single row, 
cells, fan draft (cold 
air), 5 multitubular boilers, 
economizer, brick chimney 
180 ft. high............... 


Type and description. 


Meldrum. One 2-grate unit, 

| Lancashire boiler, steam-jet 
blowers, heated air, front 
hand-feed, economizer, by- 
| pass flue to chimney......... 


| Meldrum. 
units 


Front hand-feed, 2) 
grates each, 
Lancashire boilers, steam- -jet | | 
blowers, heated air, econo- 
mizer, cremating chambers, 
120ft..... 


| Heenan. ep hee unit of 3 grates, 


| 2 units of 2 cells each, back 
boilers, fan draft (cold 
air), economizer..... 


Meldrum. 2units grates 
each, back hand-feed, 
steam-jet 
blowers, 
chimney 125 ft. high. Open 
refuse storage bin............. 


Erected. 


| 1904 


1908 


Rated capacity, in tons 
240 per hours. 


Appurtenances. Power wu 


about 


120 


if Native stone buildings. Open bin) | 
for storage of refuse. Clinker- | Electric po 
and screening milesof str 
cost £910 ($4 


| 
| 


with one boiler cells. Each 
cell fan for forced 
draft. Clinker is removed by } 
overhead rail, by narrow-gauge 
cars or by barrows. A water- 
ae plant is in use 
electric-lighting station 
joining Output of sta- 
tion about 230 kw., which 
the destructor furnishes 50 kw. | 
Coal-fired boilers furnish re- 
mainder 
in reserve. No coal-fired aux- 
iliary plant. Refuse furnishes 
all wer. Substantial brick { 
buildings. Water softening | 
plant in operation.............. 


use when destructor is shut | 
down, otherwise refuse provides } 
helps carry the loads. 


| Works pur} 
ing fans a 
clinker... 


Electric 


Electric ligt 


Electric ligh 


plemental coal-fired boiler} 
~ t carries most of the load in Electric iis 
adjoining electric power station. }' traction. 
and coal-fired 


Coal-fired boilers of electrical sta- } 


tion same room destructor. Electric light 


building. Destructor from 


Destructor housed old build- 
ing next abandoned 
furnace. Clinker - crushing, { 
mortar-making and tin- in-baling | 
machinery 


Works 


REFUSE. 


Appurtenances. 


pot 
2e 
to black in| | 
coal. 
se in sight. ( ce Ss, co | 
tructor build- Central. Surrounded ncashire boiler, steam-jet 
1.2 Ib. blowers, heated air, front} 
Ib. refuse. workmen's houses. hand-feed, economizer, by- 
pass flue chimney......... 
its grates eac 
100 ft. away..... | mizer, cremating chambers, 
chimney 
> Heenan. 
ame as at 
Some un- sides with workmen's boiler steam-jet blowers. 
ih from stores. ration yard .......... ° nee air. Chimney 120 ft. { about 30 
| | 
and gar- Meldrum, Beaman eas. 
coal use ers, fan 
temperature. 
use in sight) | Central. At an old each, back hand-feed, 2 B. | 
ainly from manure station where steam-jet 120 


| 


with one boiler to 2 cells. Each 
cell hasa separate fan for forced 
draft. 
overhead rail, by narrow-gauge 
cars barrows. water- 
electric-lighting station 
joining plant. Output of sta- 
tion about 230 kw., of which 
the destructor furnishes 50 kw. 
Coal-fired boilers furnish re- 
mainder power.......... 
in reserve, No coal-fired aux- 
iliary plant. Refuse furnishes 
all wer. Substantial brick 
buildings. Water softening 
plant 


(Supplemental coal-fired boiler in 
use when destructor shut 
down, otherwise refuse provides 
all power used. Storage battery 
helps carry the heavy 


Native stone buildings. bin 
for storage of Clinker. 
and screening plant 
cost ($4 459)........ 


plemental coal-fired boiler 
carries most the load 
adjoining electric power station. 
Chimney used by 
and -fired boilers..... 


Coal-fired boilers electrical sta- 
tion in same room as destructor. 
Generator room in | 
building. Destructor 
from 8 Pp. m. to about 
each day 


Destructor housed old build- 
ing next abandoned 
cell natural draft 
furnace. Clinker crushing, 
mortar-making and tin-baling 
machinery provided............ 


Power utilized for: 


Data from builders 


destructors, 


| Cost of con- 
struction: 


(a) Complete. 
Building. 
d) Destructor. 
with boiler and| 
accessories. 
Works purposes. Driv-) 
ing fans and crushing 
clinker.......... 
(a) 
$25 
$13 931 
£14 
| $70 375 
Electric 
| Ing electrical 
| |installation.) 
{ (a) £3990 
| $18 951 | | 
$13 
| 
(a) 
Electric power for $58 900 
miles of street railway. (d) £8961 
$19 409 
traction. Heating (d) “#1 648 
baths and gymnasium. J | $8 051 | 
Electric About | 
100 Pp. available (a) £5710 


\Cost of operati 
per long ton 
refuse 
|(@) Labor. 

Supervision 
c) Interest. 
Sinking 
Repairs. 

(f) Total. 


From 
(20 cts.) to 1 


| 1d. (27 cts.) 


(f) 4s. ($1 
(ec) 1s. 3d. 
(d) + depre 

tion Is. 
(81e.) 
(e) 1.2d. (2.4e 


(a) 


(17e.) 


(a) 


(a) 
(e) In 

| years the 
total cos! 

repair: 
was £2. 


(a) 


1s. 344d. 
(31% c 
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operators 


tors. 
ration 
ten of | Refuse 
burned. burned Special notes plant. 
per man 
per hour 
st. 
og Fund. | Long tons 
Excellent inclined road- 
| way, building and 
chimney. Plant in- 
ting, but projec 
{ Well-constructed plant. 
General design made 
($1.17 
deprecia- lete tion. coal used 

Furnace operated 
le br. per day; - 

High pressure forced 
8.4d | draft causes flames 
pan | 3 to issue from stoking 
doors. 
incinerator............ 
1s. 2d. 
(29¢.) || Furnace operated 10) 
ars the | | well arranged for 
repairs worked continuously 
Lg cts.) 1 %4 when visited.. 


Destructor just finished 
—not yet accepted. 
Not working when 
visited 


eeding 
cramped. Refuse 


Feeding—Stoking. 


ar- 
rangement defect- 
ive; smoke escap- 
ing from 


'All work done at 


front of furnace. 
Lack of light and 
air apparent 


Good light and air. 
Hopper between 
the two units...... 


Rather cramped 
; light and 
air lacking; dusty. 


space 


too near stoking 


Feeding 
light and air... 


rear 


To feeding, 
king.... 


hand-feeding. 


Open bin for stor- 
age refuse ob- 


OPERATION 


oF PLANT—OBSERVATIONS. 


UTILIZATION OF By-PRopucts. 


| Approximate | 
clinker. General notes. time visit, Clinker. dust. 
| im degrees, | 
} | | Fahrenheit. | 
Sold 
Clinker hard, well Used for making use as{ Sold 
ing hot work...... beds per ton 
hed, screened Sold 
Clinkering hot Plant well managed and Crus 1| Used as a base! ro 
Clinker hard...... 7 of all charges available . ing Wn Sacccecdas per ton 
Jiinkering ho ic lighting the main ob- 
Clinker hard ..... lant operated 
Clinker fair in ated plant. Cost of re- || andused for build-| | To be 
burned long in flues caused | | | ing walls, etc., or sold. 
Destructor designed fur- 
generating station, but Used for 7 Carted 
and amount refuse inade- for filling...... for filling off. 
quate. Destructor not | | 
working when examined. 
Clinkering from 
| and sold. 


| 


—REFUSE DESTRUCTORS VISITED ENGLAND, WALES, IRELAND, SCOTLAND AND CANADA. DATA, OBSERVATIONS AND DEDUCTIONS. 


Data ON PLANT. 


ppurtenances. 


Each 
guarate fan for forced 
by narrow-gauge 
y barrows. A water- 


pant. | 
kw., of which | 

furnishes 50 kw. 

boilers furnish | 


r in 1 unit 
me, No coal fired aux- | 
Refuse furnishes \ 
Substantial brick | 
Water softening | 


ii coal-fired boiler in ) 
@etructor is shut | 
ierwise refuse provides 
i, Storage battery | 
myimeheavy loads.... 


Open bin) 

pe ot tefuse. Clinker- 
fem screening plant 


| 


coal-fired boiler 
Smost of the load in 
piric power station. 
i by destructor 
boilers 


ee of electrical sta- 
om as destructor. 
in adjoining 
operated |} 
about ii p. m. 


| 
| 


man abandoned 4- 
draft 
Saker - crushing, | 


g and tin-baling 
pr povided 


| Electric 


Works purposes 


Power utilized for: 


| | Works purposes. Driv-) 


ing fans and crushing 
clinker...... 


Electric lighting 


Electric lighting 


Electric lighting 


Electric power for 


miles of street railway. | 


lighting and | 
traction. Heating ' 
baths and gymnasium. | 


lighting. About 
100 h. p. available | \ 
from destructor 


Data from builders operators 


destructors. 


Cost of operation 


Cost con- per long ton Refuse 
struction: refuse burned. burned 
(a) Complete. (a) Labor. per man 
\(b) Building. (b) Supervision. per hour. 
Chimney. (c) Interest. 
|(d) Destructor ts} Sinking Fund. | Long tons 
with boiler Repairs. 240 
| accessories. |(f) Total. | 
(a) £5 200) { 
(a) From 10d. | 
£14350) (f) 4s. ($1.17) | 4/10 
(complete {| (d) + plete | 
plant, includ- { tion 1s. 3d.| year’s { 
ing electrical (31¢.) fi ures. j 
(a) £38990 
$18 951 
(b) 
(d) £2790 
$13 671 | 
(a) £11 000 
$19 
(29¢.) 
repairs 
i was £21 | | 
(a) £5 710+ (a) 1s. 34d. About 
$27 979 (31% cts.) 


Excellent 
way, building 
chimney. Plant in- 
tended ive: smoke esca 
ower ing from doors 
ighting, but project 


Well-constructed plant. 
General design made 
by a consulting engi- 
J 


All work done at 
front furnace. 
Lack of light and 
air apparent 


Very complete installa- | 


tion. coal used Good light and air. 


Furnace 


br. per day; 


shows pace; 
signs hard driving. 


light and - 


OPERATION OF PLANT—OBSERVATIONS. 


Clinkering— 


Character of clinker. 


| ‘Some unburned mat- | 


hard, well 
| burned. Clinker- 
ing hot work...... 


heavy work. 


Clinkering hot, 
heavy work. 


Plant well operated 


Clinker 


General notes. 


well operated; clean. 
Design 


| 
| 


Clinkering hot, ) Plant well managed and 
well operated; unit costs » 


all charges available 


Power production for elec- 
tric lighting the main ob- 
ect of this installation. 


| 
| 
| 
| 
| 


lacking; dusty. Clinker hard well 

to issue from stoking | quality, but irs Probably high, Dust 

Destructor designed fur- 

Furnace operated 10 f nish all 

| | ight and air....... quate. Destructor not 
working when examined. 


Destructor not working | rea 
when visited..... Stoking 


Back hand-feeding. 
Open bin for stor- 
age of refuse ob- 


Destructor just finished 
—not yet accepted 
Not working 
visited . | 


Clinkering from 
front of cells. 
Lack of light..... 


Front clinkering; 
light and 


Destructor not working...... 


Not working when 


Not 
ing 
visit 


Not w 


temper 
main 
| in de 
Fahre 
| 
1 | 
| 
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REFUSE DESTRUCTION. 


is. 

Reported evapora- 

main Clinker. Flue dust. Tins, etc. 212° fahr. possible causes Objectionable features. Commendable features. 
Fahrenheit. 


Sold Smoke from) 


good building, roadway 


clean; well 


room about plant; 


| 
| 
| 


sign of station. 


clinkering space lacks 715) haulage 


for car- 
bolic 


ro use in bac- 


ria 


light and air.......... 


1800 footpaths. Pro- 


Very good well Destructor was required 


Crushed, sreened { at ) | plicate; no coal used; 
ton of refuse on test... | 
| i | ( 
| | | with high cost of re-|| to adjacent municipali- | 
|Made into mortar 
ing walls, etc., Probable high cost utilized. Well-operated 
joining fill........ 
Zz when or for filling off. tor. Feeding and | Zs. 
Well-constructed plant 
adapted 
\ lecting stations......... daily without charge. 


| 
| } | 

| 

| 
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the destruction refuse fire, well-determined principles com- 
bustion apply. order that nuisance may prevented, neces- 
sary that all combustible portions the refuse shall completely 
consumed, with the result producing the highest state oxidation. 
According Professor Thurston, the requirements for success 
burning wet fuel are: 

“The surrounding the mass completely with heated surfaces 
and with burning fuel that may rapidly dried, and then ar- 
the apparatus that thorough combustion may secured, and 
that the rapidity combustion may precisely equal and never 
exceed the rapidity desiccation. Where this rapidity combustion 


exceeded, the dry portion consumed completely, leaving un- 
covered mass fuel which refuses take fire.”* 


practice, the destruction refuse may attained successfully 
burning forced draft so-called Dutch oven chamber 
where the brickwork maintained high heat, and the escaping 
gases are subjected high temperature with excess air for 
sufficient length time oxidize the combustible constituents the 
material. British destructors are designed accordance with the 
above principles. 

The forms types destructors vary, however, and for con- 
venience may divided into two general groups. 

Group first may termed the mutual assistance type, 
where one unit contains several grates with divided ash-pits, the prod- 
ucts combustion intermingling the upper portion the furnace, 
thus combining several furnaces cells one. 
this type are the Meldrum and Heenan. 

Group 2.—The second comprises furnaces which each burning 
grate cell forms separate unit. The products combustion either 
commingle general flue combustion chamber, pass directly 
from cell boiler. Representatives the cell type which the prod- 
ucts combustion intermingle common chamber before passing 
the boiler are the Horsfall, Sterling, and Beaman and Deas (Mel- 
drum). the type which the products com- 
bustion pass directly from the cell into contact with the boiler are the 
original Fryer, Fryer’s Improved (Manlove-Alliott and Company), 
Warner, and Baker. 

The Meldrum, Heenan, and Horsfall types pre-heat the air used 


Boiler Economy,” Kent. 


| 
4 
{ 
{ 
{ 
\ 
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for combustion temperature from 200 400° fahr. before 
comes contact with the burning fuel the grate. Other makes 
furnaces mentioned Group use air ordinary atmospheric tem- 
perature. The utilization heated air undoubtedly tends more 
perfect combustion and higher temperatures both cell and combus- 
tion chamber. Other differences design, the furnaces Groups 
and may noted, as, for instance, the drying hearth which some 
furnace makers consider essential the destruction refuse, the 
use steam-jet blowers fans for forced draft, the different pro- 
visions for arresting dust, the kind boilers used, the various methods 
feeding, clinkering, stoking, All the above-named destructors, 
except the original Fryer, use forced draft, which considered neces- 
sary for the attainment high temperature. 

The aim the design refuse destructors should maintain 
steady temperature. considered that 1250° fahr. the 
minimum which septic poisons the products combustion are 
destroyed, the higher limit temperature fixed the materials 
used the construction the furnace. Temperatures greater than 
2000° fahr. are apt result high cost repairs. Thus tempera- 
tures between 1250 and 2000° fahr. are desirable, both from sanitary 
and economical points view. the burning refuse de- 
structor intermittent process, requiring alternate charging and 
clinkering, the fluctuations temperature should minimized 
much possible. When destructors are such design that the gases 
pass directly from cell boiler without intermediate combustion 
chamber, there danger unoxidized gases being cooled, contact 
with the boiler, below the temperature required prevent nuisance. 

general, modern British types destructor vary important 
details, and, the different plants examined the writer, those 
which combustion chamber flue was placed between the cell (or 
unit) and the boiler, and where heated air was used for combustion, 
appeared doing the most satisfactory work. 

Power from the forty plants inspected, all but two 
produced steam for power purposes, follows: 


Power Used For: 
Electric lighting and power stations................. 


Reference Number. 


82) 


Date visited; 
municipality; General character 
population. 
Dub- 
mines (near 
lin) Urban District 
85 000; j 
—_ (Ireland); residential, 
Pop., 358 680; manu factur- 
Area, acres. ing. 
May 28, 1906; 
Dalmarnock Destruc- 
Scotland; 
28, 1906; 
Destructor, Mixed. Business, 
residential, ten- 
May 2%, 1906; ement, etc. 
Despatch 
Works, Scotland; 
Pop., 798 778; 
Area, 796 
May 28. 1906; 
poration, England; stores contrib- 
May 29, 1906; 
rban 
Better grade res- 
District Council, 
England; 4 idential. 
Area, 
May 1906; 
Saltley’ Destructor, 
ingham, ‘oor people gen- 


Area, 


OPINION ON CHARACTER OF REFUSE. 


| 
| 


sition weight. Apparent fuel. 
Percentage. 
Fair. lictle better 
7) 2) 8] 2 in appearance than 
Dublin refuse....... 
Rather poor, great 
and 
\In 1905) | | 
to-| 
for col- 
district... was 2s. 
10. 3d. | 
per 
| 
| 
| } mainly from a poorer 
Fair. Rather wet from) 
| | | Fair. Some unburned ; | 


Location plant. 


Central. corporation 


ard in rear of Town 
fall. Houses all 
around, nearest 100 ft. 


Isolated. River 
Largan near — 
Bridge.... 


sewage 
works. . 


Isolated. corpora- 
tion yard......... 


Isolated. large cor- 
poration yard... 


with houses 


Isolated. Near canal 
on — of the 
town. 


Isolated at Birmingham 
sewage farm....... ods 


|Heenan 


Type and description. 


each, back hand-feed,2 


boilers, fan draft, heated 
air. Chimney 
Warner. cells, back back 
top-feed, fan draft, cold air, 


tion chamber. Chimney 

top-feed, 1 Lancashire 

| Solter, steam-jet blowers, 


heated air. Chimney 250 ft. 
high. Also old-style natu- 

draft furnace not now in 


row, top-feed fan draft. cold 
air, boilers. 
Chimney 200 ft. 


depot. Household) 
refuse and sweepings made 
which are burned in a natural- 


cells, back back, 
top-feeding 

boiler, fan heated air. 
Old Fryer destructor ad- 
joining building.......... 


|Heenan. 8 units of 8 grates 
each, back hand-feed, 3 B. & 


| air, superheaters. 
| 150 ft. high. 


|Heenan. 2 units of 4 grates 
each, top-feed, 2 Lancashire 
boilers, fan draft, heated air, 
Chimney 165 ft. 


multitubular boilers, 


boilers, fan draft, 


Erected. 


1905 


Rated capacity, tons 
(2 240 Ib.) per 24 hours 


100 tons 
rt refuse 


“ol per 


Data on Piant. 


Appurtenances. Power util 
Electric power station adjoining. 
Supplemental coal-fired boilers. 
Fan engine exhausts into ash- 
pit. Clinker crushing and lie and priv: 
screening | 


provided. Fan 
engine badly located............ 

Mortar millsin operation. Furnace ; 

serves only portion the city. 
Most of the refuse tipped. Ap- } 
ate destructors are not in 


Corrugated iron 
chimney. Cremating mber | 
in destructor. Railway despatch f 

ard for sending sweepings, etc., 
tassners or to city estates. . 

Brick and corrugated iron build-)} 
ing of substantial construction. 
Clinker crushing and screening 
plant. By-pass from destructor 


tochimney. Insufficient outlet 
for the power produced 


avor with authorities . 


Adjoining sew 
and works p 


Furnace use locai design. 
Refuse passes through a revolv- 
ing screen (3-in. openings) into 
a blade mixer where it is com- . 

unded with slop, excreta, etc., f 

Bnally dropping into railway 
cars to be transported and sold 
to farmers in outlying districts. 

Uses chimney and boiler 
Fryer destructor. Overhead | 
crane lifts tubs fitted with bot- 
tom doors to and over cells, 
where the weight of the filled + 


tub opens the water-sealed feed- 


Works purpo 


ing doors; the load dumped 
into the cells and the doors close 
when weight is released......... J 
Feed-water softener in operation. } 
Refuse storage hoppers contain 
pockets for small supply coal 
to be used in emergencies. Air 
for forced draft is drawn } 
through ducts running along the 
inside roof of the building, thus 
preventing the escape dust 


esigned and construc 
supplemental coal-fired boiler. Sewage pum 


Electric power station adjoin- 


| - 
. | Fan engine a 
— 
80 48 
| 1905 90 electric po 
| | pany....... 


m OF REFUSE. 


ent fuel. 


Location plant. 
—British refuse Type and description. 
prown to black in) | 
due ash from 
coal. 
Central. corporation 
| each, back hand-feed,2 B. & 
gy than dail. Houses all W. boilers, fan draft, heated 1905 
Warner. cells, back back, 
her poor, Isolated. fan draft, cold air, 
antity fine Largan near boilers, crema- 
Meldrum. 8 units, 8 grates in 
er, steam owers. 
= At sewage heated air. Chimney 250 tt. 1908 
ral draft furnace not now 
Improved. cells, single 
refuse and sweepings made 
Isolated. large into fertilizer, except rubbish 
| poration yard......... and large particles of refuse {| 
which are burned in a natural- 
| top-fee tub, water-seale 
joining building............... 
ms. Portion of ref-| Isolated. Near a canal each, back hand-feed, 3 B. & 
barged to de- on outskirts of the W. boilers, fan draft, heated} 1905 
air, superheaters. Chimney | | 
Some unburned Isolated Birmingham each, top-feed, 
boilers, fan draft, heated 1906 


120 
Burning 


TABLE DESTRUCTORS VISITED ENGLA! 


Data oN Pant. 


Appurtenances. 
Electric power station adjoining. 
Supplemental coal-fired boilers. 
Fan engine exhausts into ash- 
pit. Clinker crushing and 
screening provided. Fan 
engine badly located............ 


Mortar operation. Furnace 
serves only portion the city. 
Most the refuse tipped. Ap- 

destructors are not in 
favor with authorities .......... 
Corrugated iron building, brick 
chimney. Cremating chamber 
despatch 
ws for sending sweepings, etc., 


Adjoining sewage works 


and works 


Brick and corrugated iron build- 
ing substantial construction. 
Clinker crushing and screening 
plant. By-pass from destructor 
tochimney. Insufficient outlet 
for the power produced......... 


Furnace use local design. 
Refuse passes through revolv- 
ing screen (3-in. openings) into 
blade mixer where com- 
unded with slop, excreta, etc., 
dropping into railway 
cars to be transported and sold 
Uses chimney and boiler of old 
Fryer destructor. Overhead 
crane lifts tubs fitted with bot- 
tom doors and over cells, 
where the weight the filled 
tub opens the water-sealed feed- 

ing doors; the load dum 
into the cells and the doors close 
when weight 
Feed-water softener operation. 
Refuse storage hoppers contain 
iy for small supply of coal 
used emergencies. Air 
for forced draft is drawn} 
through ducts running along = 


100 tons 
\of refuse 
dis 
per 
night. 


Attractive-looking building, well 
designed and constructed, One 


inside roof the building, thus 
preventing the escape dust 
and 


supplemental coal-fired boiler. 
Electric power station adjoin- 


Power utilized for. 


Fan engine and mortar 
mills 


Works purposes........ 


power available..... 


Works purposes........ 


sold toa private 
electric power com- 


Sewage pumping....... 


Data from builders 
destruc 
Cost 
Cost Con- 
struction. 
(a) (a) Labe 
(b) Building. (b) Su 
(c) Chimney. 
(d) Destructor. (d) Sink: 
with boiler and Reps 
accessories. (f) Total 
(b) 
$7 433 r 
$27 783 
(a) 9d. 
(a) £10000;| (e) ab 
$49 000 ( 
(a) 
plete (a) 
station. 
£18 604 i 
£20 458 
$100 220 
(a) Whole 
station, 
ration 
etc. 
£39 500 | | 
$198 550) 
(d) £2006 
829 
(b) £413 
024 
(a) 
$738 | 
(b) £2 081 (a) 
$9 952 
£846 (b) 
128 
$59 408 
(a) £10 602 
1 950 
£4214 (a) 
$20 649 
(b) 
815 


| 
| 
| 
{ 
| | 
| 
| 
| 
| | 
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OPERATION OF PLANT—OBSERVATIONS. Utmmation or By-PRropuct: 


estructors. 
xima 
operation 
burned. burned Special notes plant. Feeding—Stoking. Character clinker. General notes. time visit, Clinker. dust. 
r. per man | in degrees. 
Supervision. per hour. Fahrenheit. 
) Interest. 
epairs. 
Total. 
Destructor months 

mo ths % plant. Refuse fur- per. Stokin trom and air; clinker 1 ‘oot- - 


c open ports; smoke room; clinker of »| tion. W operated 


well-managed plant. 
plete gmoke to 5 Made into mortar ort 
pe space; clinker carefully operated. Low when visited. 
| | 
| 
Each 
tub holds cart- Plant experimental stage. 
{| Plant excellent in design | 
and repairs........... ventilation............. 
Clink 
9.5d. Well- designed and Used for 


Mortar 
| | | | | 
j 


ABLE (Continued DESTRUCTORS VISITED ENGLAND, WALES, IRELAND, SCOTLAND AND CANADA. DATA, OBSERVATIONS AND DEDUCTIONS. 


Data on PLANT. OPERATION OF PLANT—OBSERVATIONS. 


Data from builders operators 
destructors. 


per long ton Refuse link: 
Appurtenances. Power utilized for. struction. refuse burned. burned Special Feeding—Stoking. General notes. 
(a) Complete. (a) Labor. per man Character 
(d) (c) 
accessories. (f) Total. 
| 
Fan engine exhausts into ash-| Electric About light and air about! storage hop- room; good light well orking 
D d | | 
iron building, brick Com- 
ndestructor. Kailway despatch station Complete very satisfactory; ample; dust from 
and corrugated iron build- 
ing of substantial construction. \(a@) Whole } (a) + (b) + (e) To } | 
Clinker crushing and screening works station. Complete smoke escape space; clinker carefull Low 
plant. By-pass from destructor [| | parpe £20 453 $7.9 cts. ( carefully planned... - through ports ba: cost of destruction 
for the power produced......... 
| | | 
Refuse passes through a revolv- | | | station, | | 
ing screen (3-in. openings) into cor linkered Plant ted 
a blade mixer where it is com- ration | \Old furnace is of operates. 
ally dropping into railway | ete. | po 
ears transported and sold £39 500 
Fryer destructor. Overhead Tub-feeding. Each 
igh-pressure fan blast, 
tub opens the water-sealed feed- 024 tion Stoking through 
ing doors; the load is dumped | | clinkering doors. . 
into the cells and the doors close 
is released......... J 
eed-water softener in operatiun. ) £15000) 
Refuse storage hoppers contain (a $73 500 {| Plant Nent in desi 
pockets for small supply coal (b) (a) hand-feedin Plant well designed for ease 
preventing the escape of dusi (a) $59 403 
J (a) £10 608 
| | 
Electric power station adjoin- 815 attractive. clinkering 


| 
| 
| 


PLATE 
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FETHERSTON 


REFUSE DESTRUCTION. 


Approximate 
temperature 
main flue at 
time visit, 
in degrees, 
and 
ing 800+ 
ca- | 


of 
ow > when 
1400 
ed. Old furnace 
dly not workin 
visit 
ort Very high: SS 
aid 
ase 
ort 
nce 1800+ 


Clinker. 


Made into mortar 
concrete for foot- 


paths, Sold 


Mortar making. 
Carted 


Mortar, 
Sold at 2s. 
per 


concrete. } 


Made into mortar 
concrete, or sold. . 


for mortar 


Used for filling ad- 
joining land at 
present........... 


Used for road bot- 
toming, bacteria 


beds or filling low 
lan 


Flue dust. 


Reported evapora- 
on per pound 
refuse, from and 


Tins, 212° fahr. 


1.78 official test 
of 8% hours....... 


1.82 Ib. in 


Nuisances 
possible causes 
complaint. 


Smoke from 
feeding ports. 
Low tempera- 


| Smoke esca 
from top 
ing 


f ports. 
Low tempera- 
ture.... 


Smell from pre- 


pared fertilizer 


|| 


DEDUCTIONS. 


Objectionable features. 


Dust about plant. Vi- 
brations fan engine 
brickwork 


Low temperature, dust 
and smoke. Cold air 


for 


about plant. 
Smoke from top feed 


ing 


Dust about plant. Low 
temperature. Smoke 
from top feeding 
ports. ‘old air for 
combustion... .. 


Odors about plant..... 


| Dust from clinkering. 

Possible high cost 
| repairs. Complicated 
feeding devices..... 


from clinker yard. 


Smoke from top feedin; 
ports. Dust from ref- 
use and clinker....... 


Commendable features. 


Well-constructed and well- 
managed plant. Good 
production. 
feeding 
clinkering 
advantageous........... 


Inexpensive plant doing 
a fair amount of work.. 


High temperature. 
cost operation. Ex- 
cellent management 
and operation........... 


Well built, carefully 
operated plant. 
cost of operation. 


Economical means 
disposal, but not 
sanitary. Plant care- 


fully operated......... 


High rate burning. 
No handling of refuse. 
Cool storage refuse. 
Probable economy 
labor cost destroying 


Excellent plant desi 
and construction. 
dependent tion. 
units. Controlled ven- 
tilation. No supple- 
mental coal-fired ler 
plant 


Attractive 


Well - designed, 


Remarks. 


The whole scheme ref- 
use disposal Glasgow 
shows careful planning 
over a period of years, 
resulting in economy 
and efficiency. Night 
collection of refuse is 
the rule. 


The old Fryer destructor 
consists of 14 cells; top 
feed, with Horsfall 
steam jet blowers. The 
two new Horsfail cells 
will destroy as much 
refuse per day as seven 
the old Fryer celis. 


structed and Top feeding required 


z per an- 


authorities. 


| 
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considering the utilization power from refuse, should 
borne mind that power secondary consideration, and that the 
primary object destroy refuse sanitary and economical man- 
ner. 

electric lighting and power stations, the demand for lighting 
purposes generally occurs for short period the evening, when 
output very much higher than the ordinary working load required. 
With refuse which low calorific value, and requires burning 
high rate produce power, this means that the fires must rushed, 
and consequently there likelihood incomplete combustion. Sup- 
plementary coal-fired boilers are usually found connection with 
destructor-electric-lighting stations, else the destructor much 
greater capacity than would required deal with the refuse only. 
The combination refuse destructor and electric lighting plant may 
economical, yet, other means are available, whereby the power 
resulting from the destruction refuse can utilized regularly 
produced and the furnace operated continuously easy working 
rate, this method should prove more desirable than electric lighting 
utilization. the sewage pumping stations visited, the quantity 
pumped was usually insufficient keep the destructor continuously 
operation. Pumping water the power produced from refuse 
would seem the most satisfactory method utilization, but the 
conditions where such system can used are exceptional. 

other outlet for the energy produced burning the waste 
material available, the power used for what has been termed 
“Works Purposes,” that is, crushing clinker, screening into differ- 
ent sizes, mixing with cement, lime, form bricks, slabs, 
also for lighting the destructor depots adjoining corporation yards, 
and the steam heating neighboring public baths libraries. 

undoubtedly advisable provide means for utilizing heat 
resulting from the destruction city wastes, for the purpose de- 
creasing the cost final disposition. the same time, should 
kept mind that sanitary disposal refuse the primary con- 
sideration. There were indications some refuse destructor plants 
Great Britain tendency slight the main factor sanitary 
disposal. 

Capital Cost Destructor Installations.—The cost construction 
destructor varies greatly according local conditions, 


rie 
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and figures for British plants would hardly apply the United States. 
appears from the data obtained, however (the details which are 
given Table 10), that the average cost eighteen destructors would 
amount about $4470 per cell grate, including the furnace with 
boiler and appurtenances, but excluding chimney, building and run- 
way. 

Cost cost operation, for different plants 
quoted Table 10, was obtained from the engineer superintendent 
charge the destructor from the furnace makers. Some the 
figures given are from official reports covering year’s work, while 
others are for short periods only. From the data, appears that for 
twenty-four installations the average cost labor per long ton 
Ib.) refuse destroyed would amount 24.3 21.5 cents per 
short ton (2000 the American rate laborers’ wages 
about double the British rate, this would make cents per short ton 

For supervision, only four installations had figures available, the 
average being 4.83 cents per long ton. Two plants reported the cost 
for repairs 3.22 cents per long ton. 

Only one complete report was obtained which all charges for 
the destruction refuse, including labor, supervision, interest 
capital, sinking fund, repairs and supplies, were included. The total 
cost operation, including all the above charges Stoke-upon-Trent, 
amounted $1.17 per long ton $1.04 per short ton. changing 
the labor rate that would compare with American conditions, and 
assuming the same charges for interest, sinking fund and repairs, 
would appear that the total cost refuse destruction for plant 
similar that Stoke-upon-Trent would amount $1.50 per short 
ton New York. 

the various figures tabulated for the labor cost per long ton 
refuse destroyed, will found that eleven destructors—in which 
refuse fed into the furnace hand—returned average cost 21.6 
cents against 27.3 cents for eleven top-fed destructors. Some 
figures used making the foregoing results for hand-fed plants 
covered only short period time. interest, however, note 
that hand-feeding does not seem more costly than top-feeding. 

Refuse Burned per Man per Hour.—Definite information regard- 
ing the quantity refuse handled per man per hour (assuming the 


4 
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Reference Number. 


| 
| 


| 


Corporation, England; 


Date visited; 
municipality; 
population; 
and 
area, 


May 29, 1906; 
Munici- 


pal Corporation 
England; 


Pop. 204; 
Area, 12 689 acres. 


May 30, 1906; 
Bradford Municipal 


Hammerton Street 
Destructor; 
Nog 30, 1906; 

sunbrid, ge ‘Road De- 

structor; 
Pop. 285 589; 
848 


May 30, 1906; 


England; 
Moss Side Destructor; 


185; 
Area, 19 898 acres. 


Pop., 
acres. 

1906; 
District 
Council, England; 
Resident 000; 
Pop., 000; 


15, 1906; 
Worthing Municipal 


Corporation, England; 


Resident Pop., 000; 
Summer Pop., 36 000; 
Area, 3 01 acres. 


May 1906; 
Batley Cor- 


Aug. 7, 1906; 
Westmount (Do- 
Pop. pal 000; 
Area, 1 acres. 


General character 
of | 


Mixed. 
people con- 
the 


Street Montague Street 
di 


Mixed. Busi- 


Mainly residential. 


manufacturing. 


Health resort— 
residential, hotel 
and boarding 


Seaside 
Good type resi- 
dences, better 


Suburban; resi- 


Collection refuse. 


Ash-p sl) 
38.15 
times per peace| 
annum. 
Night the | 76.3 
lectionsthe cents.) 
rule....... 
| 


Estimated compo- 
Percentage. 
| 
10) 5) tion of green vege- | 


sight. 


Poor. Mainly green 

| 

| | 

| 

Fair. Dry refuse 


rubbish....... 


TABLE 


Location plant. 


tenements. 
eral corporation sta- 


Fair. Large propor- 
table matter 


Central. general cor- 
| poration yard......... 
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Cremating 
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Rated tons 
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} 
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plete clinker, utilization plant 
consisting of crusher, flag press, | 
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Brick building and chimney—an } 
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Substantial building. 
coal-fired boiler plant........... 


lighting station nearby Electric! 


brick building and 
chimney. Chamber for cremat- Mortar 
ing dead animals, 


buildings. Pumping plant con- 
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plant—brick 


emergencies and when no refuse 

Substantial brick 
stories high, flat roof, carts 
drive on roof and dump into a 

boilers, coal-fired, are provided. 


eo for gases to chimney | Electric 
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id air inlet to dilute and 
cool the gases before reaching | 
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lined throughout and reinforced 
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Total. 
make and dust ple light and air Used for mortar and 
(a) Year 1905 With working 190 Ample well operated. Fertilizer Used for mortar 
produced cape from around room. Clinker made from fish remains clinker concrete 
ing wi poor class ell-managed and _ well- 
(a 18.54d Horizontal back-feed- | 
ing doors allow smoke hand-feeding Clinkering room am-) and 
Refuse stored open Clinkering room am- Used for 
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Steel refuse Destructor working easil 
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gructors in operation. linker || 
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_Works purposes...... .. 


rick building and chimney—an 
old plant reconstructed. Over- | 
head clinker railway. Mortar | 
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tar making, lighting 
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atiractive-looking brick build- 
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ing doors allow smoke 
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Steel 


building adjoining. . 


and dust 
Storage 
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feeding, allows 
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cape from around 
feeding ports...... 


Top feeding allows 
some smoke to es- 
cape from ports.. 


Back hand-feeding— 
poor type feed- 
ing doors. Smoke 
issuing from feed- 
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Back hand-feeding. 
Stoking from clink- 
ering doors........ 


Back hand-feeding. 
Dusty... 


Back-feeding. Am- 
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air 
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same level as 
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Used for mortar 10s. Ib. inside the building. temperatures, without for 1905 
slabs in Dust from ration. Utilization 43.05 pence (86.1 cents) 
l- storage. Smoke from quality of refuse at of years, and results in 
ive buildings. High 
Excellent management. 
Used for filtering Poor system plant for small 
| 
Used for sidewalks. Dust from clinkering. 
Experiments with 1. Jb. in 6%-h Slicht smoke from stallation. Gas engine 
roadways ia | ted Use of clinker with tar 
operated......... roadways with light 
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quality labor comparable) affords better general means for 
arriving the labor cost operating destructor. From the figures 
for twenty-seven plants, average, each man employed would 
handle 0.78 long ton 0.88 short ton per hour, varying from 0.5 
long tons per hour with the type plant and method opera- 
tion. easy rate working, there should difficulty 
destroying 0.75 short ton per man per hour; hence, with wages 
cents per hour (or per day), the cost labor would amount 
cents per ton, while cents per hour (or $2.50 per day), the 
cost would about cents per ton. 

Special Notes glancing over the various photo- 
graphs which accompany this paper, will apparent that the Eng- 
lish destructor most substantially constructed, and that the build- 
ings are intended for long service. From examination the 
various older furnaces, would appear that the destructor portion, 
with ordinary care operation, should last least fifteen years. 

the appearance refuse installation has important bear- 
ing public opinion regarding the plant, particular import- 
ance that the building should made attractive, architecturally. The 
interior should have ample light, air, and provision for the comfort 
the men employed, including baths and toilet facilities. These fea- 
tures have received consideration Great Britain, some the 
photographs 

Another factor requiring consideration the extent ground 
surrounding the destructor building. Ample land should provided, 
possible, that dust may not cause complaint from neighboring 
householders. 

Operation Plant—Observations.—In the time spent the various 
installations, many features interest undoubtedly escaped attention, 
and perhaps some the comments Table would hardly war- 
ranted some days instead hours had been given each. The 
recorded observations, however, indicate the conditions the time 
the plant was visited. Generally speaking, from the appearance 
the destructors, special preparations were made because the 
writer’s visit, and many cases warning was given those 
charge. 

Feeding—Charging.—Of the forty destructors, sixteen were the 
top-fed variety, which refuse was charged through ports top 
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the furnaces, and these sixteen represented nine different types. Three 
installations were top-fed cart direct, and represented two types 
furnace. “cart fed direct” meant that cart storage refuse 
was necessary, and when the furnace was ready for charging each 
cartload was dumped directly into the cell. One furnace was top-fed 
so-called “tub-feeding” method. this case, each cart was tipped 
the ground level into box tub with hinged bottom doors. The 
tub was then elevated traveling crane, and the charge refuse 
was dropped into the cell through water-sealed mechanically-operated 
doors the top the furnace. One destructor was top-fed 
patent charging also, refuse was elevated power, 
dropped into truck wheels, and charged into the furnace re- 
quired. Eleven destructors were hand-fed the front shovel, and 
represented two types. Eight destructors were hand-fed shovel 
the back, and represented three types. 

commenting upon the different methods charging destructors, 
appears that the top-feeding method (except where water-sealed 
doors are used) allows smoke escape. Even with water-sealed doors, 
smoke escapes when charging. the hand-firing methods, the front- 
fed type appears advantageous, with regard concentration 
labor and freedom from escaping smoke, but the storage bin cuts off 
light and air from the firemen, while some refuse may mixed with 
clinker the men are careless. With back hand-feeding shovel, 
ample light and air can given the clinkering side the furnace 
where most needed. compared with front-feeding, back hand- 
feeding does not permit the same concentration labor, but allows 
greater comfort the men employed, which more than compensates 
for this slight disadvantage. 

general, shovel-feeding obviates escaping smoke from top-feeding 
doors, allows better selection refuse, and does away with stoking 
great extent, refuse can charged directly the grate, thus 
saving one operation destroying the material. When the refuse 
has not reached advanced stage decomposition, and does not 
contain excess water, such objectionable material night- 
soil, hand-firing undoubtedly preferred, especially for power 


plants. 
Stoking.—By stoking meant the dragging, pushing spreading 
refuse after has been charged into the furnace. All top-fed 
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FETHERSTON ON 
REFUSE DESTRUCTION. 


Fic. 1.—Watrorp Destructor, SEWAGE PUMPING STATION, 
AND ELEctric LIGHTING PLANT. 


Fic. 2.—WAtTHAMSTOW DESTRUCTOR AT SEWAGE FARM, WITF 
PRECIPITATION TANKS IN FOREGROUND. 


Fic. 3.—ComBinED ELEcTRIC LIGHTING AND DESTRUCTOR 
STATION AT STOKE-UPON-TRENT. 


Fig. 4.—ComBtnep DesTrRUCTOR AND SEWAGE PUMPING 
STATION AT WORTHING. 
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destructors and all destructors provided with drying hearths require 
considerable stoking. Hand-fed types, without drying hearths, where 
refuse thrown directly the grate, not need much 

first sight, would seem that refuse charged direct from cart 
cell without intermediate handling should prove most sanitary and 
economical, yet the disadvantages this method are many. For any 
particular case, study local conditions will determine the best 
system used. 

perhaps the most trying work con- 
nection with the operation destructor. mass hot slag must 
broken long bars, tipped into wheel-barrow other convey- 
ance, and removed while highly heated condition. The work 
performed hand labor opposite the open doors highly heated 
furnace. There are various methods conveying clinker, 
wheel-barrows, cars rails, skips running over-head 
rail. When cars mono-railways are used, the storage room limited, 
and the place where the material deposited must cleared in- 
tervals; for this reason, the system has been abandoned favor 
wheel-barrows many plants. 

Various mechanical devices, such tipping grates, etc., have been 
tried order lessen the work clinkering, but, the present 
time, all have failed. Westmount, Canada, the destructor site 
was well adapted for clinker pit, whereby clinker, instead being 
removed barrows cars while hot, dropped through trap-door 
front the furnace lower level, where allowed cool. 
This decided advance over the usual practice. further im- 
provement might made Westmount enclosing the pit and 
utilizing the heat contained the hot clinker for raising the tempera- 
ture air for combustion. 

Character general rule, the clinker sight 
the various installations was found hard and well-burned, except 
where plants were carelessly operated, where fires were rushed 
some lighting stations. order that clinker shall dense 
and that practically all the carbon shall oxidized, necessary 
that the clinker exposed high temperature for sufficient time 
consume thoroughly all the combustible material. 

General Notes with other works, the method 
operating destructor may mean its success failure. well-de- 


q 
q 
q 
q 
q 
f 
' 
i 
j 
1 
I 
{ 


384 MUNICIPAL REFUSE DISPOSAL 


signed plant poorly operated may give rise nuisance, whereas 
poorly-designed plant efficiently operated may cause trouble what- 
ever. most installations was manifest whether not the au- 
thorities were interested the sanitary disposal refuse. poorly- 
operated plants, dust, and smoke were evidence, while 
efficiently-managed installations, cleanliness, order, and system were 
the rule. all destructors visited, there were few which dust, 
either from the refuse storage, from the process clinkering, 
was not cause inconvenience, though the trouble was usually con- 
fined the destructor building. 

The necessity for routine the operation refuse 
destructors was quite apparent, and some the plants the firemen 
worked practically the clock. Each step the process feeding, 
stoking, clinkering was performed regularly stated intervals, 
thus tending efficiency management. Few self-recording devices 
checks the operations, such steam gauges, chimney gas analysis 
apparatus, draft gauges, pyrometers thermometers, were noticed 
the various plants. 

Temperatures.—At each destructor operation sight estimate 
the temperature the main flue combustion chamber was noted, 
this factor has decided bearing upon the freedom from nuisance 
and the efficiency any installation. great importance, both 
from sanitary and economical points view, that temperatures 
regulated between lower limit 1250° fahr. and higher limit 
perhaps 2000° fahr. When the temperature high, the gas escaping 
from the chimney almost colorless, but when charging clinkering 
operations are progress, murky dense white smoke may apparent 
for short time. rule, gases escaping from the destructor 
chimneys showed color when compared with the black clouds 
emitted from the chimneys neighboring manufacturing establish- 
ments Great Britain. 

Utilization resulting from the de- 
struction refuse, excluding the steam generated the heated gases, 
consist clinker from the grates, fine ash from the ash-pit, and flue 
dust from the chamber flues, besides tins, bottles and 
earthenware which may may not passed through the furnace. 

when burned hard vitreous mass, utilized 
aggregate, mixed with cement, and made into slabs, bricks 
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Fie. 2.—Comptnep DestRvcTOR AND ELECTRIC LIGHTING 
STATION AT WESTMOUNT, CANADA. 


Fic. 3.—HAMMERTON STREET DesTRUCTOR WoRKS, BRADFORD. 


Fic. 4.—BaTiey Comprvep DesTRUcTOR AND ELECTRIC POWER 
STATION. 
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mortar, usually hydraulic presses mortar mills. not thus 
utilized, may used for road bottoming, sidewalks, for filling 
low land. The question clinker utilization usually decided 
local conditions. Where clinker can sold used advantageously 
making slabs, bricks, machinery usually installed, and the 
process results reducing the total cost destruction. Worthing, 
the south coast England, clinker has been mixed with tar and 
used road pavement. The revenue derived from the sale 
clinker will vary with the demand any locality. Six municipalities 
report clinker sold average price cents per long ton. 

Flue burning mixed refuse, some fine incombustible 
material finds its way into the destructor flue dust traps, and must 
removed periodically. This may have important bearing upon 
down the plant for several days while the cleaning process under 
way. The time elapsing between cleaning periods varies with the 
character the material destroyed and the type destructor. 
would appear necessary clean out all flues thoroughly once 
every weeks Great Britain, except where special form 
dust-catcher used. 

Flue dust has been used base for disinfecting-powder. 

contains large quantity tinware, varying 
size from food cans boilers and wash-tubs. These articles are not 
usually put through the destructor, but are thrown one side and 
sold bulk compressed machine into suitable bundles. 
some plants, solder melted from tins special furnace, and the 
resulting products, solder and iron, are sold junk dealers. The 
revenue from the sale tins will depend local considerations. 

Power from for eighteen destructor tests, giving 
the quantity water evaporated per pound refuse (“from and 
212° fahr.”) for periods varying from hours one year were se- 
cured. The highest rate evaporation was 2.66 water per 


The lowest gave 0.88 water per pound material, test 
114 days, with refuse containing large proportion night-soil. 
The average evaporation eighteen modern destructor tests amounted 
1.62 water per pound refuse. all the foregoing figures 
the water evaporated gross amount, and order obtain the 
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net useful steam produced for power purposes necessary deduct 
for forced draft apparatus. appears, from the figures quoted, that, 
district where coal abundant and cheap, possible 
evaporate about 2.5 lb. water per pound refuse, while other 
districts, distant from coal fields, destructors are capable producing 
evaporation about 1.5 lb. per pound refuse. 

test refuse destructor for few hours hardly gives safe 
figure upon which base conclusions power production, the ma- 
terial may vary character and calorific value with the season the 
year. interest note Table that the destructor West- 
mount, Canada, evaporated 1.36 lb. water per pound refuse 
test run hours May 2d, 1906. The refuse storage West- 
mount August, 1906, was much drier, and contained larger pro- 
portion rubbish and ashes than the material for similar period 
Richmond Borough. 


From data and observations made upon the various destructors, the 
following deductions were made: 

Nuisances Possible Cause Complaint.—This heading means 
that, the plants examined, some might, situated critical posi- 
tion, give rise complaints inhabitants the neighborhood. 
There intention condemning any installations the score 
nuisance, doubt any destructor which had proved objectionable 
would have been closed legal procedure. 

possible that, the forty installations, nine might cause 
complaint through the escape unconsumed gases, poor operation 
plant, bad design. 

Objectionable the forty destructors objectionable 
feature common all was that due the escape dust, either from 
the refuse storage, from the clinkering operations, during the 
removal flue dust. This dust, unless escapes through the chimney, 
becomes nuisance which affects only the workers about the plant, 
and anything that may done minimize will mean decided 
advance over present practice. 

sixteen plants, smoke unconsumed gases were escaping 
through feeding ports, stoking clinkering doors. 

The system storing refuse six installations was objectionable 


because the firemen were obliged work the material when charg- 
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Fic. 2.—CLINKERING FLOOR AND DESTRUCTOR UNITS AT 
Kines Norton. 


Fic. 3.—CLINKER YARD AT KETTERING, WITH HovseEs 
ADJOINING DESTRUCTOR BUILDING. 


“ 
Fie. RAILWAY AND YARD AT SUNBRIDGE RoAD 
DESTRUCTOR, BRADFORD. 
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ing. six plants the working space was cramped, and there was 
lack light and air, causing discomfort the men. two de- 
structors the method feeding refuse was objectionable because 
complicated mechanical devices. only two out the forty plants 
were unconsumed particles organic matter noted the clinker. 
This was undoubtedly due lack efficient operation, negligence 
the part the firemen. 

Commendable the commendable features 
the different installations, may said that practically every 
plant had some feature which would call for approval. general, all 
the destructors were well constructed and designed for hard service. 
The buildings were usually brick, substantial, and some cases 
attractive appearance. With but one exception, all the destructors 
were disposing refuse without the use additional fuel, and 
the case noted, coal was used only during wet periods summer. 

Temperatures were generally sufficiently high prevent the escape 
unconsumed gases. Steam raising was practiced all but two 
the plants, and the amount power produced had important bear- 
ing the economy the process. Clinker, resulting from the burn- 
ing refuse, was sold utilized for different purposes, tending 
further economy operation, while flue dust and tins were utilized. 

Mixed-refuse destruction, whereby waste material discarded 
householders disposed without nuisance, and the resulting by- 
products are turned useful purposes, would seem ideal 
system. Certainly, far sanitary disposal concerned, mixed- 
refuse destruction, efficiently conducted, should cause trouble 
the material fair quality. While not possible the present 
time more than estimate the cost such method the vicinity 
New York, would appear that mixed-refuse destruction should 
not cost much more than garbage cremation Richmond Borough, 
while the sanitary advantages accruing would more than compensate 
for any slight excess cost. 


RECOMMENDATIONS FOR Destructor INSTALLATION 


view the local experiments and experience gained abroad, the 
details which are partially recorded herein, the writer 
for the first installation West New Brighton, the Borough 
Richmond: 


} 
| 


388 MUNICIPAL REFUSE DISPOSAL 


hand-fed destructor charged the back the furnace and 
clinkering the opposite side front the furnace. 

2.—That refuse stored bin hopper with door curtain 
control and prevent the escape dust into the destructor room 
while the hopper being filled. 

3.—That refuse dumped into the bin hopper behind closed 
doors; and that the refuse storage room separated from the de- 
structor portion the building. 

heated air required for the combustion refuse. 

5.—That water-tube boiler specified. 

6.—That steam-jet blowers, fan-draft, both, provided 
that the advantage either may determined. 

7.—That the air for forced draft drawn from the upper portion 
the tipping-room and feeding clinkering-room, that positive 
ventilation may secured. 

8.—That the clinkering process arranged that hot clinker 
dropped into pit and the heat from the clinker utilized raising 
the temperature the air for combustion. 

ample working space, light, and air provided the 
building, and the plant located cause trouble from 
escaping dust. 

10.—That suitable mess-room, bath and toilet-room provided, 


for the comfort the men employed. 
11.—That the exterior the plant made attractive appear- 


ance. 

Contracts have been entered into with Messrs. Heenan and Froude, 
Ltd., for the erection 60-ton destructor, and with McHarg-Barton 
Company for the erection the building, chimney, etc., West New 
Brighton. The plant will probably working order before the 
close 1907, and later, the writer hopes present and compare the 
actual results with the preliminary studies herein outlined. 

conclusion, the writer desires acknowledge his indebtedness 
the Hon. George Cromwell, President the Borough Richmond, 
for his interest and encouragement; Louis Tribus, Am. 
E., Consulting Engineer the Borough President, for advice and 
support; Welton, Assoc. Am. E., for his interest 
the calorific tests, and for many valuable suggestions; George 
Wood, Assoc. Am. Soc. E., for assistance different portions 
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BRICK. FROM CLINKER. 


Fie. 4.—CHIMNEY AT WESTMOUNT, WITH DESTRUCTOR IN 
OPERATION. 
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the work; the representatives the different firms engaged 
destructor building, particularly Messrs. Goodrich, Frank Rud- 
der, and George Watson, and also the various municipal engineers, 
surveyors, superintendents, and managers the British destructors 
examined for their courtesy and assistance. 


Mr. Venable. 
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DISCUSSION. 

paper the author proves that the refuse the Borough Richmond, 
New York City, contains sufficient calorific material enable 
burned without offense, and without using auxiliary fuel. also 
presents data regarding forty incinerating plants Great Britain, 
with the object determining the best features design for use 
proposed plant. The investigation which led the conclusion that 
desirable burn all the refuse one incinerator, that found 
practicable, not given the paper, nor there any investigation 
the merits demerits incinerators American design. The writer 
the opinion that, the United States, seldom desirable 
reburn all refuse, including the ashes from private houses and other 
buildings, and would like the author present detail the data upon 
which this determination, which preceded the investigation reported 
the paper, was based. 

Whether not the method destroying all wastes one set 
furnaces will found the best for municipalities generally, engineers 
are indebted Mr. Fetherston for his thorough work ascertaining 
the quantities garbage, ashes and rubbish, and their calorific value, 
what may taken representative district. remarkable, 
also, that the best summary British practice refuse disposal 
found this paper, American engineer, for use America. 
Too much praise can hardly given for the judgment shown the 
preparation the various tables, although Table was prepared 
long ago make necessary for the reader guard himself 
against the error assuming that contains all the data now avail- 
able the subject with which deals. The work Messrs. 
Parsons, Rudolph Hering, Morse, and others has been pub- 
lished since 1904. 

From this paper and other available data, safe assume that, 
almost any municipality, all the household refuse collected and 
brought one place, the mixture will contain sufficient calorific 
energy make practicable burn without admixture other 
fuel, and permit the generation some steam for power purposes 
from the heat the gases combustion. does not follow from 
this, however, that such collection and disposal the most advisable. 
can hardly granted, general proposition cities, that 
impossible collect ashes such condition that sanitary disposal 
them without reburning impracticable. such granted, ap- 
pears have been done the present case, there would still rea- 
sons for considering separate collection and burning separate parts 
incinerator, keeping ashes separate from garbage and refuse, 
both for sanitary reasons and for convenience and economy actual 
burning. 
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the reburning ashes decided from considerations Mr. Venable. 


economy only, should regarded entirely apart from the disposal 
other wastes, for the introduction ashes into the garbage makes 
their disposal much more costly than otherwise, even neces- 
sary furnish considerable quantity coal assist destroy- 
ing the garbage. 

While ashes from household fires contain much combustible ma- 
terial, they not contain enough, rule, make for the cost 
stoking them through crematory, not including plant charges; 
and, unless very great reduction weight secured reburning, 
there will saving total haul the burning process. Gen- 
erally, the weight ashes passed through crematory not very 
greatly reduced, although the weight rubbish and garbage very 
much decreased burning. There may cases, however, where 
furnace can located the center district, and the haul the 
dump very much longer than that the furnace, which cases the 
saving haul will more than counterbalance the cost dumping, 
stoking, interest and depreciation plant, and reloading for haul 
the dump.* 

the United States has been customary dispose ashes 
separately from garbage, from motives economy, and furnaces for 
the disposal garbage refuse, both combined, have been de- 
signed with the expectation that ashes would excluded. prac- 
ticable burn these materials properly without forced draft, and 
several builders crematories have accomplished this successfully, 
prices disposal per ton quite low those obtaining England 
for the mixed refuse; but crematories operating natural draft can 
abused more readily than those using forced draft, and, conse- 
quently, when handled the ignorant persons who are often placed 
charge, the furnaces have received the blame that ought have 
been charged against the persons authority. course, very many 
crematories poor design, and crematories attempting burn ma- 
terials for which they have not been fitted, have been installed, and 
the blame has not always been with the operator. Crematories the 
so-called American design are much cheaper build than those the 
British type, they require boiler plant, power auxiliaries. 
They will consume successfully garbage and rubbish character 
which cannot burned those the British type, and are very 
economical the use labor stoking. Therefore they ought not 
disposal, but should installed where shown that they will 
most economical the long run; and proper precautions should 
taken that they are operated not produce nuisance. 


* This matter is discussed in the writer's book, *‘ Garbage Crematories in America,” 
which will also found every type crematory installed the United 
States, reference every Uni States patent interest this field, and the 


more important and representative plants installed each builder such works the 
United 
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the other hand, practically impossible burn ash-bin 
refuse with natural draft. The reason is, not that strong enough 
natural draft cannot obtained, but that the constant opening 
doors for stoking, account the large proportion ashes actual 
fuel the mixed refuse, admits the furnace too much air for 
proper combustion. This reduces the draft and also causes the pro- 
duction foul odors the chimney gases. requires much more 
head create proper draft through mixture ashes than through 
mixture rubbish that possible burn the rubbish without 
offense, natural draft, even with doors frequently open, although 
not possible large proportion ashes introduced into the 
mixture burned. Thus, practically all British incinerator 
builders have been compelled adopt forced draft because they reburn 
ashes, and install boilers order devélop power obtain it. 
When forced draft used, the stack should designed merely carry 
off the gases combustion, not produce any portion the head 
across the grates. Thus, when the stoking doors are opened, there 
tendency draw the air the stoking room into the furnace; 
but, the other hand, there may tendency for the heated gases 
within come out through the open doors, observed Mr. Fether- 
ston several British installations. Forced draft, subject close 
regulation, preferable any installation, and very great safe- 
guard against the admission too much air into the furnace, above 
the fires; but not the only way which this can safeguarded, 
and, many plants, especially the smaller towns, the advantages 
derived from the installation boiler are not great the 
disadvantages. 

These remarks may considered not properly applying 
discussion Mr. Fetherston’s valuable paper, one the premises 
which that the ashes are burned. While fully recognizing 
this, condition precedent his inquiry, and having quarrel 
with it, the case the Borough Richmond, the writer has 
ventured these remarks perhaps some interest others, for con- 
ditions which may differ from those stated this paper. 


Cary, paper, viewed from the standpoint 
furnace and fuel specialist, great interest the speaker, who, 
having had considerable experience burning various fuels 
low calorific value and also fuels carrying large percentages 
moisture, such spent tan bark, wet refuse wood-pulp shavings, spent 
licorice root, bagasse, can well appreciate the difficulties en- 
countered burning wet municipal wastes; and burning them 
obtain sufficient heat for steam-making, which heat excess 
that required evaporate the moisture contained the fuel, and 
dissociate the fuel (thereby liberating the volatile gases contains, 
which action necessary before these fuel constituents can burn). 
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any fuel dried and analysis made its chemical com- Mr. Cary. 
position, then, the use modification the well-known Dulong 
formula, determination the calorific value the sample analyzed 
can made. This may may not use furnace determina- 
tions, depending the nature the fuel and the value the sample 
fair representative the entire mass fuel consumed. 

easy matter obtain representative sample the entire 
fuel consumed during test, even when the fuel fairly uniform 
quality, but when its quality very variable nature, such 
refuse-burning plants, the difficulties obtaining small sample 
fair average value become almost insurmountable. Aside from this 
difficulty, after making calculations from the chemical analysis 
dried sample, one does not obtain true calorific value the fuel, 
this process determination assumes that the combustion wholly 
exothermic process, that is, one producing heat with heat 
absorption for internal external reactions. Such endo- 
thermic actions always take place the process combustion, 
requires heat energy break solid masses fuel and liberate and 
split the hydro-carbons, say nothing the energy required 
evaporate the moisture, both the surface and contained hydro- 
scopically. 

For this reason, when careful tests are made, the calculated fuel 
values are found higher than those obtained using the oxygen 
fuel calorimeter; the difference between these two values indicates 
the heat energy absorbed endothermic reactions. 

Coming now the fuel calorimeter, reference will made only 
the work done the Mahler bomb. proper manipulation 
this apparatus, there difficulty determining the true value 
the sample tested, and the results obtained will require correc- 
tions for chemical actions; but here, also, there diffi- 
culty obtaining correct samples, representing fair average the 
whole fuel mass, and must remembered that the quantity 
fuel tested weighs only (that is, less than 0.04 

The great difficulty obtaining the true calorific values the 
refuse either these methods, therefore, can well appreciated, 
and the question naturally is: How can this most important value 
determined 

The answer prompted somewhat extended experience 
making furnace investigations leading accurate heat balances. 
Heat balances are obtained calculations made from the 
analysis the fuel, the quantity fuel used, the analysis the 
products combustion, and proper consideration the various 
furnace losses. 

somewhat reversed method calculation, made from series 
observations, the chemical composition the fuel may obtained, 
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and from the unknown quantity determined; then, with very 
fair degree accuracy, its value may found. 

The accuracy such determination is, unquestionably, far greater 
than may obtained any system sampling when such mixed 
fuel municipal wastes used. 

This method was used the work Mr. Stromeyer, re- 
ferred page 369, but did not carry his work far enough 
obtain sufficiently satisfactory results. 

The furnace gas analysis becomes most important matter such 
test work, and the mere finding the percentages CO,, 
and difference, the use the ordinary Orsat apparatus, will 
not give sufficient information, experience has taught the speaker 
that such work necessary determine the free hydrogen and 
hydro-carbons well. 

Mr. Stromeyer also relates, his report, the failure his high- 
temperature measuring apparatus, which furnishes most important 
information. The speaker continually using such apparatus, with- 
out trouble, furnace tests where much higher temperatures exist. 

The speaker does not wish understood criticizing Mr. 
Stromeyer this work; the contrary, regards very much 
advance any testing work previously done refuse crematories. 
merely wishes indicate that this the most reliable way 
obtaining this much-sought-for information, when proper testing 
done. 

obtain data needed make such fuel determinations, one does 
not require any other apparatus than that used making complete 
and exhaustive furnace tests, but careful refinements must not 
neglected, both applying and using the apparatus and having 
them all carefully calibrated. 

The work done Mr. Fetherston, shown this paper, 
obtain such information, fuel sampling methods, certainly highly 
and the amount work involved appeals the speaker 
strongly, knows experience what means. 

Concerning the large percentages moisture held fuels, the 
speaker has profitably passed very wet fuel between pair large 
rolls, with rough faces, one roll being little greater 
diameter than the other. These rolls, both running the same num- 
ber revolutions per minute, were held together large springs 
which allowed them separate when solid chunks reached them. 

this way large quantity the contained moisture was squeezed 
out, and higher temperatures were obtained the furnace, well 
better combustion, for the furnace the poorest place the world 
evaporate water. 

Mr. Fetherston’s statement the requirements necessary for burn- 
ing wet fuel, page 377 which, states, originated with Pro- 
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fessor Thurston, may found the Journal the Franklin Insti- 
tute for 1874, where will found refer especially spent tan 
and wet saw-dust. 

For the combustion moist fuel, the highest furnace temperatures 
possible are most essential, and that requirement one the weakest 
features general garbage incinerating plants. firmly believed 
that much profitable development possible this direction. 

The disposition the highly heated surrounding surfaces men- 
tioned matter much importance with such fuel, and combus- 
tion chambers must proportioned the amount gaseous matter 
and moisture given off the fuel. 

The speaker can hardly admit the statement indicating that com- 
bustion should retarded and limited spots dry fuel forming 
the grate and burning expose wet fuel, thereby stopping com- 
bustion. Such conditions should never exist, they indicate bad 
design. 

obtain the most desirable results, the combustion the fuel 
should constantly accelerated. 

Pre-heated air, introduced under some pressure, offset its dilated 
condition, will assist producing such results, noted Mr. 
Fetherston. 

Steam jets should certainly avoided much possible, there 
altogether too much steam given off from the fuel the furnace, 
and steam has cooling effect the fire-bed. obtain the best 
results, the steam used disintegrate the clinker should super- 
heated. 

The speaker cannot agree with Mr. Fetherston when places the 
minimum desirable furnace temperature low fahr., which 
dangerously near the lowest temperature which some the gases 
found the furnace will ignite. Such temperature will surely 
followed most imperfect combustion. 

furnace should not fall below fahr., experience proves 
that, under lower temperatures, both furnace and boiler efficiencies 
drop. Further, 2000° fahr. too low for maximum temperature, 
the speaker’s best furnace results have always been obtained with 

furnace properly designed and built, there reason why 
should not durable under temperature fahr., and with 
destructor furnace conditions. 

The speaker’s experience, many years furnace work, has 
taught him that proper provision for great expansion and contraction 
frequently neglected, and, also, that high-grade refractory materials 
are not used much they should be, and that high-grade furnace 
masons are not employed, but, where all these requirements are met, 
the durability furnaces greatly increased. 

page 375, noted that Mr. Fetherston assumes combined 
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furnace and boiler efficiency per cent. the system testing 
referred this discussion, the exact the furnace can 
obtained. The information thus obtained will also point out 
definitely the exact causes inefficiency, and thereby lead rapid, 
rational, and development and improvement the system 
garbage incineration; and the time certainly favorable for work 
this nature, shown Mr. Fetherston’s earnest work and careful 
investigation existing conditions. 

Am. Soc. (by letter).—The valuable data 
which Mr. Fetherston has presented this paper will certainly 
appreciated engineers who have occasion explore this com- 
paratively obscure field, and certain that the paper will prove 
important addition the Society’s Transactions. 

Attention called the quotation page 877 from Professor 
Thurston, giving the requirements for success burning wet fuel: 
insure that “the rapidity combustion may precisely equal 
and never exceed the rapidity desiccation” offers condition which 
steadfastly striven for, but which, unfortunately, can only 
obtained under the most ideal conditions, and one can only hope 
fulfil when the combined collection the city’s waste 
burned. long furnaces are required burn garbage only, 
garbage and rubbish, special provision must made for carrying out 
the above requirements. When garbage alone burned, fuel must 
added support combustion. Professor Thurston’s remarks show why 
coal should used, and not oil natural gas, since the heated 
mass the coal, and not the volatile matter, which accomplishes the 
drying process. The quality coal need not high; fact, coals 
the poorer quality, containing high percentages ash, are really 
more suitable for this purpose. When garbage rubbish have 
dealt with, without ashes, some other means must adopted for pre- 
paring the garbage for burning, and, whatever method used, 
must carried out inside the furnace, thus becomes part the 
detail the design. 

must not considered that the chief desideratum obtain 
the highest possible temperature any part the furnace. Such 
impression would entirely wrong. The temperature, the contrary, 
must maintained between certain moderate limits, preferably be- 
tween and 000° fahr., but with minimum never less than 250° 
fahr. The disadvantages too high temperature may stated as: 


Excessive cost repairs; 

Melting the dust and clinker, causing stick the fire- 
brick linings inside, and loss time and labor cutting 
out, periodically, hammer and chisel, the slag-like 
accumulations; 

Discomfort the operators removing the clinker from the 
furnace. 
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The limit low temperature reached the point where the mr. Foster. 


gases combustion cease dissociated and oxidized. neces- 
sary, then, maintain temperature well above this, thus rendering 
them thoroughly innocuous, and without which process destruc- 
tion may termed sanitary without nuisance. 

the study designs various furnaces intended for destroying 
refuse, attention has been drawn the conservation the heat 
various recuperating devices, such air heater for extracting the 
heat from the flue gases and transferring the air which being 
fed the furnace, and the method cooling the clinkers taking 
their heat the same air going the furnaces. All these devices, 
which resemble the conventional economizers and air heaters used 
connection with steam-power plants for securing higher efficiency and 
economy fuel consumption, serve entirely different purpose 
the case destructor furnaces. They are rendered necessary order 
insure high minimum temperature which must all times 
maintained, the character the material fed the grates being 
such nature that these precautions are necessary. 

Whereas the steam generated from the plant represents valuable 
asset, and, some instances, can made useful work, doubtless 
there will many cases where, the absence suitable method 
utilizing this power, the steam must blown off and wasted. 
the condition the furnace which most importance, even 
the steam generated wasted, the devices for recovering the heat must 
used. 

page 383 Mr. Fetherston suggests further improvement 
which might made the Westmount plant, namely, utilize the 
heat contained the hot clinker for raising the temperature the 
air for combustion. This idea being carried out the city plant 
now under construction. 

mistake rely the recommendation that the conversion 
the power the destructor plant into electrical energy the most 
suitable outlet for that power. Mr. Fetherston mentions the pumping 
water sewage appropriate use. still more appropriate 
use would seem the manufacture ice, for which such plant 
strikingly well adapted. For instance, with absorption ice ma- 
coal under the grates the boiler, whereas, destructor plant 
tons capacity, lb. steam may readily evaporated per pound 
mixed refuse destroyed. 50-ton destructor plant would serve 
community with population approximately 40000. comparing 
these figures will seen that 50-ton refuse destructor will pro- 
duce tons ice per day, allowance Ib. ice per 
capita, which would liberal amount. 
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important feature the design furnaces the avoidance 
smoke; this can only accomplished isolating completely the 
furnace and combustion chamber from the water-heating surface con- 
nected with the boiler, the chilling effect produced contact the 
partially cooled consumed gases against the cold surface the tube 
containing water will suppress complete combustion and result 
smoky chimney. 

Assoc. Am. Soc. E.—The speaker has fol- 
lowed with great interest the development the work done Mr. 
Fetherston, the results which are admirably presented his 
valuable paper. 

The speaker’s relation this work, stated the author, has 
been connection with the determination the values in- 
corporated the text the paper. The purpose this discussion, 
therefore, describe some detail the methods used making 
the calorific tests and proximate analyses, order that the reader may 
enabled form his own estimate the relative value those re- 
sults compared with similar tests other and more homogeneous 
materials used fuel. 

also desired record the results series chemical 
analyses the component parts the refuse made the same 
laboratories Professor Stephen Peckham, Member the Ameri- 
can Chemical Society, whose assistance has been highly appreciated. 

The primary purpose the experiments was provide funda- 
mental data from which could determined the feasibility the 
sanitary disposal the wastes the Borough Richmond self- 
combustion, refuse destructor the same general type used 
Great Britain. 

Inasmuch the matter heat utilization and power production 
was taken ultimately, connection with the disposal the 
refuse, the results the experiments were also considered 
possibly affecting the design the destructor. the results the 
tests should show that the material was not suitable for self- 
incineration, was hoped that the chemical analyses might provide 
the necessary information for determining some alternative method 
sanitary disposal. the other hand, the material should 
found suitable, the chemical analyses might furnish additional data 
for the study means for the prevention possible nuisance the 
escape the products combustion, for the recovery com- 
mercially valuable material. 

After the conclusion trial calorific tests two sets samples 
ascertain what methods handling the material the laboratory 
would secure the desired uniformity results, consultation was held 
between the author and the speaker define the scope the experi- 
ments. 
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was decided: 


the experiments were conclusive, they should 
extended over period least full year, thus showing the 
entire seasonal variation the character the collections, which 
variation, was thought, might sufficient interfere, perhaps, 
serious degree, with the successful operation destructor; 

Second.—That the samples should taken with sufficient fre- 
quency and such manner truly representative the col- 
lections, both regards the character the material and the period 
covered. 


was finally settled that the samples submitted the laboratory 
should represent the daily collections the Bureau Street Cleaning 
for period about two weeks, half month. 

The primary sampling from the actual collections, well the 
initial preparation the half-monthly samples, was made under 
the direction Mr. Fetherston. 

The sampling, described detail the author, consisted the 
selection representative material which was subsequently separated, 
sieves and hand-picking, into six general classes follows: 


1.—Garbage, 

2.—Coal and cinders, 
3.—Rubbish, 

ash, 

5.—Clinker, 
6.—Incombustible material. 


The garbage consisted vegetable and animal matter, such 
ordinarily collected from dwellings. 

The coal and cinders was the better portion the stove and furnace 
wastes the district. 

The rubbish consisted variety materials, such paper, 
excelsior, rags, fibrous material, 

The fine ash was the material from the general collections which 
would pass through screen mesh, consisted principally 
the finer residue from domestic fires. 

The clinker was that contained the residue from domestic fires, 
and those schools, churches, ete. 

The incombustible material was largely glass, metal, stone, bricks, 
ete. 

The initial preparation the samples comprised the reduction 
large quantities material the several classes quartering, the 
evaporation nearly all the moisture, and the rough pulverizing 
ell samples effect uniformity which would serve make the 
samples submitted the laboratory truly representative. 
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Mr. Welton. The weight these samples was approximately: 


each coal and cinders, clinker and fine ash; 
rubbish. 


The condition the samples, they arrived the laboratory, 
after going through this preliminary process, was about follows: 
The garbage, the majority cases, was fairly dry, but soft and 
greasy; most would pass sieve mesh, and, while the 
odor was decidedly evidence was not offensively so. Nearly all 
the coal and cinders would pass sieve mesh, and showed 
large proportion unburned coal. 
The fine ash and clinker were about the same condition the 
coal and cinders, except that the difference the quantity carbon 
present was plainly evident from the color and general appearance. 

The rubbish presented the appearance shredded rags, paper, etc. 

incombustible material was tested, for obvious reasons. 

Upon arrival the laboratory, each sample was immediately 
placed wide-mouthed glass jar with ground-glass stopper, and 
soon convenient thereafter careful determination was made 
the contained amount moisture. This operation was conducted 
using about garbage and about each the other samples. 

The whole each sample garbage and rubbish was then made 
pass sieve No. mesh repeated grinding small pul- 
verizer the coffee-mill type. The coal and cinders sample was 
pulverized laboratory ball mill until would all pass No. 
sieve. The clinker and fine ash were treated the same manner. 

The samples were then replaced their respective glass jars and 
thoroughly mixed agitation. 

Proximate analyses were next made, determining again the 
moisture, and, addition, the volatile matter, fixed carbon, and ash. 
For these determinations, the following weights material were used: 


These quantities the several materials were taken random 
directly from the jar containing the whole sample, since was found 
that practical duplication results could readily obtained without 
further reduction size quantity the sample. 

All determinations moisture were made using electric 
oven kept constant temperature about 180° fahr. The coarse 
samples were allowed remain the oven for about hours, but 
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only about hours were necessary when the samples were the Mr. Welton. 
pulverized condition. The volatile matter was determined placing 

the dried material small, covered, porcelain crucible, over three- 

flame Bunsen burner, care being taken that all the carbon deposited 

during the combustion the volatile hydro-carbon was afterward con- 

sumed the Bunsen flame. (Platinum crucibles were first used for 

this work, but some constituent the coal and cinders, which was 

later discovered tin, probably from tin cans, re-acted with the 
platinum, ruining the crucibles, and their use was abandoned). 

The fixed carbon then remaining the crucible was next reduced 
ash open burning over the same Bunsen flame until loss 
weight 

The percentages the various determinations were reduced 
the basis the condition samples they were re- 
ceived the laboratory, and the garbage analyses were still further 
modified represent the conditions the original sample before 
evaporation any its moisture, record the evaporative tests 
being sent the laboratory with each sample. 

The calorific values were determined the Mahler bomb calorim- 
eter, which provides for the combustion the material the presence 

The tests were made using the following weights material: 


1.00 

0.75 

0.50 

Clinker 0.75 


These values, obtained the actual tests, were reduced values 
per pound dry sample, original sample, and combustible, that 
order, using the corrected proximate analyses basis. These are 
the figures that appear Tables and 

There was difficulty securing satisfactory combustion, ex- 
cept the tests “fine ash” and “clinker,” which the percentage 
inert matter was high that prevented ignition the com- 
bustible portion the sample the ordinary means. these cases, 
therefore, small amount naphthaline was introduced with the 
sample start the combustion, and deduction, representing the 
value the naphthaline used, was made subsequently. 

The residue from the combustion the garbage was hard, vitreous, 
and invariably the form small globules brownish black color. 
That the coal and cinders was naturally about the same appear- 
ance the ash anthracite coal, while the rubbish left little more 
that could seen with the eye than stain the combustion tray. 

the beginning the experiments, tests were made duplicate 
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all samples until became evident that the differences results, 
shown the duplications, were well within the variation that 
might easily occur the primary selection representative samples. 
amount, these differences were generally less than the 
calorific value the dry material. this time, also, the uniformity 
the character each class material, shown the calorific 
value per pound combustible, began noticeable, and was 
observed that this value would serve detect errors manipulation 
and computation well indicate the occasions when duplication 
was consequence, tests the same sample were rarely 
repeated thereafter, unless the value per pound combustible was 
some variance with the average the other tests already made. 

those who are not familiar with the values the 
staple fuels, such anthracite and bituminous coals, may appear 
that great confidence placed the results these tests 
material which would naturally expected vary widely 
character. matter fact, the experiments have shown uni- 
formity character the material which all the more remarkable 
that was not anticipated. Indeed, now, when all the data are 
hand, the conclusion might easily drawn that the instances where 
the largest variations calorific values per pound combustible 
occur, this variation likely due the difficulty ob- 
taining representative samples from the collections than from actual 
differences character. 

Moreover, few who have had occasion study the matter 
analyses and calorific tests coal are aware the variation fuel 
value its combustible portion what known “pure coal.” 

this respect the figures Table are interest. These 
are deduced from: 


First.—The report the coal-testing plant the United States 
Geological Survey St. Louis, 1904; 

records the Department Water Supply, 
Gas and Electricity, Mount Prospect Laboratory, New 
York City. 


The chemical analyses made Professor Peckham consisted 
organic analyses composite samples representing the collections 
the entire period, and inorganic analyses the residue from burning 
the same over Bunsen flame. They will not described detail 
here, but the results both series analyses have been combined 
Table 13. 

These results would have been included Mr. Fetherston’s paper, 
but for the fact that their completion was delayed pressure 
more important matters the laboratory, and they have only very re- 
cently become available. 
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TABLE TESTS, AND THE Proportion SucH Rance Bears THE 
AVERAGE VALUES. 


ANTHRACITE COAL. Bituminous Coal. MunicrpaL Rervse (1906). 
a Water Supply. Gas U. 8S. Geological § Laboratory, lant fA t 
Electricity, Geological Survey. aboratory, Commissioners Accounts. 
New York City. 
— — — —- — — 
From 
Coal and cinders. Garbage, from 
From From West Virginia, | Refuse, from 
(56samples). (12 samples). (24 samples). (23 samples). Richmond. 
= — = = = a = | 
i=) On the basis of the calo-| } | | 
S rific value per pound of - 1 080 7.5% 87 5.7% 3 458 23.8% 1 960 13.7% 2 220 21.5% 1640 | 19.0% 
the basis the calo-| 
per pound 6379 50.0% 464 10.0% 342 155 60% 4265 053 42% 
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The same reason also accounts for the relatively large percentage 
undetermined constituents the garbage sample. 

Table also shows comparison between the calorific value the 
samples, calculated from the chemical analyses, and determined 
the calorimeter. The correspondence believed sufficiently 
close serve general verification the entire work. The per- 
centages Table are all computed the weight dry samples 
basis. The presence, considerable amounts, volatile hydro- 
carbons the garbage and rubbish samples may noted the car- 
bon, shown the chemical analyses, compared with the fixed 
carbon the proximate analyses reduced dry-sample basis. 

the determination the moisture the garbage samples for 
the proximate analyses, extremely probable that some the 
lighter and more easily volatile hydro-carbons were driven off and 
computed moisture. This undoubtedly the reason why there 
not closer agreement between the calorific values dry samples 
garbage, calculated from the analyses, and determined the 
calorimeter. The oxygen determined difference, and the ash 
the average the proximate analyses reduced the dry-sample basis. 


TABLE Dry Composire SAMPLES 
LECTIONS FOR THE YEAR 1905-06. 


Coal and Garbage. | Rubbisb. 


Constituents. cinders. 

Percentage weight of: 
55.77 43.10 | 42,39 
Hydrogen. 0.75 6.24 5.96 
Nitrogen. . 0.64 3.70 8.41 
Oxygen......... id 2.37 27.7 83.52 
30,01 7.56 6.49 
Tron oxide and alumina 8.98 0.41 2.08 
Phosphoric acid None 1.47 0.10 
Carbonic acid........... enn 0.59 1.49 
Alkalies and undetermined 0.27 4.45 1,21 

100.00 100.00 100.00 

VALUES, British THERMAL 
| 

Calculated from above analyses.......... 8 382 7 970 | 7 250 
Average of calorimeter determinations, . 8 510 8 351 7 251 


The calculations from the chemical analyses are made follows: 
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mirable form the results very careful, systematic, and thorough 
study the possibility destroying fire the mixed wastes the 
Borough Richmond manner innocuous, inoffensive, and not too 
costly. 

The need such investigation was pressing, and its value not 
merely local, because the number small communities America, 
which this problem first importance, considerable and 
growing. 

The technical question whether the mixed waste contains enough 
combustible self-burning, temperature sufficiently high 
destroy and not merely distil the volatile organic matter. Records 
show that, England and the Continent, satisfactory disposal 
mixed municipal refuse made this way, but also known 
that abroad there less waste edible matter than the United 
States; and, therefore, before risking municipal money, 
was the part wisdom determine the theoretical fuel efficiency 
the waste Staten Island. From, the character the éxamination 
and its completeness, Mr. Fetherston’s results may accepted with 
confidence, and also his conclusion that destructor the English 
type will burn the mixed waste the Borough Richmond effect- 
ively. True, the expense will not small; but the destruction 
organic matter complete and inoffensive the neighborhood, cost 
from $1.00 $1.50 per ton should not prohibitive, view 
the fact that any other method disposition would extremely 
Staten Island. 

Regarding the limits usefulness these waste destructors: 
has been proven eight months’ operation Westmount, Montreal, 
that average tons mixed waste per day can destroyed 
working cost cents per ton, and total cost cents per 
ton; therefore, population 13000 people not too small have 
the economical service destructor. 

upper limit, however, reached when considering city from 
which there enough garbage make profitable modern 
plant separate the organic matter into grease and fertilizer. For 
instance, the City New York makes satisfactory disposal ap- 
proximately 3000000 tons mixed waste per year (70% ashes, 12% 
street sweepings, 12% garbage and light refuse, weight) 
average cost cents per ton. would folly talk putting 
all this material through destructors cost cents per ton. 

Note should made fact not mentioned Mr. Fetherston, 
that the “coal and cinders” which makes 27% his total collec- 
tion, about 35% his ash collection, more than half not only 
burnable coal, but salable coal. This arises from the fact that most 
the coal which gets into the ash-pit undersized for the grate and 
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falls through unburned and indeed unmarked the fire. The writer 
has taken from many sample tons Manhattan ashes average 
20% salable coal, from furnace size down, which about half, 
after being washed, was indistinguishable from coal fresh from the 
mine. This means nothing the Borough Richmond, but will 
the determining factor settling the method final disposal 
where anthracite used cities which, the same time, are large 
enough make profitable the mechanical separation the coal from 
the clinker and ashes. The process not more difficult than the con- 
centration ore, and there average profit about per ton 
recovered coal. 

the United States the advocates reduction “utilize” garbage 
separating into water, grease, and fertilizer. The advocates 
incineration “utilize” dry refuse out its salable 
paper, rubber, before they burn the remaining 70% rubbish. 
And “utilization” the keynote successful policy any large city. 

now costs New York for the final disposition its 
municipal would cost $2250000 put all the waste 
through destructors. would cost about $200000 scientifi- 
cally and save what ought not burned buried, follows: 


Profit from utili- 
zation of rubbish 
Cost. and coal. 


Garbage ........... 860000 tons (contract) 
Street sweepings.... 144000 
Ash and clinker.... 1680000 672000 
Rubbish ........... burned 

profit..... 
recovered 

profit 


016 000 


$136 000 


or, the Department Final Disposition would almost self-support- 
ing. 

Louis Am. Soc. E.—This paper gives evidence 
great deal work, and the speaker can say from personal knowledge 
that, the Borough Richmond, and along the lines described, 
there has been vast amount work which does not appear the 
paper, yet its results will certainly secure great advancement the 
art refuse disposal. 

Prior the inauguration the Greater City New York, Staten 
Island (then becoming the Borough Richmond) was occupied 
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number corporate villages and great many small hamlets, the latter Mr. Tribus. 


controlled the usual “township” and “county” system govern- 
ment, the incorporated portions “village” form, with more less 
intelligent management, politics determined. 

During the first four years following consolidation, little was done, 
other than get accustomed being part the great city. 

January 1902, under the revised charter, considerable home 
rule, and borough president character and ability, the first ad- 
vance toward real progress was made. 

Street cleaning and refuse disposal had been cared for, very 
limited extent, during the preceding four years, with small force 
men, but supervised man trained under Colonel Waring, who 
had the welfare his subject heart. The speaker was called upon 
the borough president early 1902 act both professional and 
executive capacities, and take charge the public works and main- 
tenance bureaus the borough. was given very free rein 
securing betterments plan and operation, but, taking charge, in- 
sisted that was free from politics the work itself. Richard 
Fox, formerly charge the work Richmond, noted before, 
for the Department Street Cleaning for the whole city, was placed 
charge the newly created “Bureau Street Cleaning,” which 
this time came under the President the Borough through the 
Commissioner Public Works. Fairly liberal appropriations were 
made, that, after careful plans had been laid, improvement becaine 
the order the day. The first step noted was the banishment 
garbage cans and refuse receptacles from the sidewalks and streets 
far possible, all such being removed collectors from behind the 
buildings, the empty cans being then returned their places. The 
next step toward efficiency and the establishment esprit corps 
among the men, was made placing them all uniform; the third 
step was employ the men continuously throughout the year, 
render service daily instead spasmodically. This, course, ap- 
plied more street cleaning, pure and simple, than refuse collec- 
tion which, formerly also, had more less regular throughout 
the year. 

After some two years’ service, Mr. Fox accepted call the City 
Chicago, show there what scientific and business methods could 
accomplish the way street cleaning and refuse disposal. 

Mr. Fetherston, member the borough engineer corps, had 
been assigned specific work connection with local scientific tests 
refuse disposal, which work gave good account him- 
self that when Mr. Fox resigned was selected take the place 
“Superintendent.” 

The paper describes very clearly the course taken, which has led 
the recommendation and the actual construction the first refuse 
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destructor this type the United States. confidently hoped 
that few years this paper will supplemented one describing 
the destructor and telling its efficient operation. That, however, 
will depend largely the intelligence exhibited its management, 
for the best piece machinery may give poor results unless well 
handled. 

studying the refuse disposal question the Borough Rich- 
mond, has been necessary estimate very carefully the probable 
development this specific locality, its conditions are changing 
very rapidly year year. not improbable that, life 
the present generation, the whole island will practically built 
with residences, factories, stores, and valuable water-front improve- 
ments. This would mean that would impossible find places 
for the burial garbage, for maintaining ash dumps, and for any 
the nuisance-producing plants for the destruction garbage 
low-temperature cooking. All experiments, therefore, the past six 
years have been directed toward finding process that would convert 
refuse, without nuisance, into some useful innocuous material.. The 
investigations which have been made carefully Mr. Fetherston 
and others assigned the work from time time, therefore, have 
been directed specially this system; as, process elimination, 
all other systems were dismissed not suitable for the probable local 
conditions development, hence the conclusion that mixed refuse 
destruction promised more the Borough Richmond than did any 
other process; though should clearly understood that other sys- 
tems might more advantageous other communities under differ- 
ent conditions, and time may prove that even Richmond some dif- 
ferent method may evolved. view these explanations, the 
special studies, almost exclusively, have been directed toward acquiring 
information about and perfecting plans for mixed-refuse destructors, 
with the primary object collecting materials the lowest expense 
and converting them into innocuous product without causing 
nuisance the process, and seems probable that the high-tempera- 
ture system planned will accomplish the object desired. the 
present time, theory and experiment indicate that, not only will the 
material collected have sufficient fuel value itself convert into 
inoffensive slag, but that, addition, there will developed liberal 
amount heat units. 

the installation under construction, there provided boiler 
which, expected, can operated the otherwise wasted heat 
units, furnish ultimately all the power and light needed 
the plant. the results justify the expectations, probable, also, 
that the slag from the destructor will eventually ground up, and, 
with admixture cement, converted into paving blocks, which 
would have value for gutters and pavement places where 
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not specially heavy. That feature, however, only being considered Mr. Tribus. 


for the future, the present epoch being confined what might 
called the self-destruction the refuse collected. 

success attends the operation the new plant, expected 
that, ultimately, six seven similar plants will installed other 
portions the borough, near possible the centers collection; 
with ‘one concession, however, public sentiment, placing the de- 
structors manufacturing districts, near railroad, the water 
front, rather than residence localities. 

Mr. Fetherston’s paper covers the general phase the refuse de- 
structor, from the standpoint economy gathering garbage and 
other refuse and disposing finally. has not gone particularly 
into the reasons why prompt final disposal refuse desirable. There 
are, perhaps, three reasons why every community should take care 
this feature urban life: that which appeals most popularly 
citizens, the removal refuse materials because they are obnoxious 
the senses smell and sight; second, because the keeping de- 
caying organic matters near habitations generally supposed breed 
disease; and, third, reason which should have more consideration, 
though has not been taken extensively, that, during the heat 
the summer, when the house fly develops and feeds and thrives 
refuse, very prolific distributor disease. is, begin with, 
not cleanly insect, and feeds decaying matter; then, likely 
not, proceeds the nearest receptacle containing milk, for 
drink, and not infrequently bath; the combination often too much 
for the fly, and remains for few moments several hours float- 
ing around the milk, leaving very often the germs disease, 
which turn thrive very readily the milk and are taken into the 
human system. During the summer, the human system, particularly 
infancy and childhood, excellent condition for the growth 
disease germs the intestines, and the various so-called summer 
complaints ensue. While probably one yet will claim that all 
intestinal diseases are caused flies; the process elimination, 
records that have been kept certain places intelligent ob- 
servers, the fly can very fairly charged with great deal the 
trouble. The mosquito has borne its share public contumely 
dispenser yellow fever; why should not the ordinary house fly 
given credit for the work which undoubtedly can do, and which 
many are beginning believe does do? this the case, the 
community that promptly removes and disposes its decaying 
matters should, first, enjoy the presence lessened num- 
ber flies, and, second, lessened number cases intestinal disease. 
This subject only mentioned here one worthy fuller investiga- 
tion, rather than conclusion based upon observation. 

This whole refuse collection and disposal one very 
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great interest, and field yet almost untouched the United 
States, and, prior the publication this paper, very little, much 
real value and based facts, has been printed. The speaker hopes 
that additional information will gathered, not only the Borough 
Richmond, but other places, and put the disposal this 
Society, aid this most important work. 


Norman speaker, being conversant with the 
literature this subject, and having had long experience design- 
ing and operating destructor plants, ventures the opinion that, for 
engineers, this one the most valuable papers which has ever been 
presented. the more valuable enters new field and presents 
data from which contracting engineer can design plants and guaran- 
tee results without risk failure either the contracting parties. 

pleasing note that the author has commenced with first 
principles, and not some place the middle the subject, which, 
unfortunately, often done. The exact figures the paper, however, 
not apply generally, and must used with the discrimination born 
experience, due allowance being made for losses, after the manner 
set forth the problematic balance sheet, Table 

The information the paper has not been available heretofore 
such extended form; and, far the speaker aware, has not 
covered such long period, such great weight refuse. the 
same time, should remembered that inspection material 
desirable, order note any peculiarities its character, without 
which immediate success not likely result. 

When the author took the question, the conditions existing 
the Borough Richmond were practically the same those which 
have induced most cities resort destruction fire. many 
cities abroad other methods have been tried, such reduction, making 
fertilizer, and gasification for lighting and power purposes, all 
which have failed signally deal completely and satisfactory 
manner with the final disposition refuse all classes, which 
the chief desideratum. The only system final disposal which 
growing use, and now quite general, the destruction 
cleansing refuse fire, thus rendering innocuous. 

That examination existing garbage crematories the United 
States should offer hope meeting the requirements satisfactorily, 
not surprising, for such crematories can hardly termed engineer- 
ing propositions, and one doubts very much whether American engi- 
neers have had anything with their design. The principal faults 
which one recognizes garbage crematories the present type are: 

the process destructive distillation, rather than 
oxidization, has been resorted to. 

2.—That apparently lower-limit temperature has been re- 

garded standard the builders such apparatus, 
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although absolutely necessary maintain tem- 
perature more than 1250° fahr., order insure 
the combustion the hydro-carbons and the dissociation 
and oxidization objectionable chemical compounds. 

3.—That the usual method feeding and stoking precludes the 
possibility obtaining anything like regular tempera- 
ture the furnace, the temperature rising and falling 
with amplitude probably 800°, and sometimes fall- 
ing low atmospheric temperature. 

4.—That the high temperature usually the wrong end 
the furnace, namely, that farthest from the outlet, and 
long this remains there can hope dealing 
successfully with the material sanitary manner. At- 
tempts overcome this difficulty have been made 
following the ideas Mr. Charles Jones, London. who, 
1885, introduced fume cremator between the furnace 
and the chimney. This was palliative rather than 
cure, and, while succeeded reducing the nuisance 
some extent, only went half way. 

5.—Another error, certain types garbage cremators, 
made the environment the burning mass. Water- 
jacketed furnaces are absolutely unsuitable for burning 


garbage other material high hydro-carbons. In’ 


such furnace, flame sooner generated than 
extinguished absorption, due contact with cold sur- 
faces, radiation. one would think hatching 
eggs out ice box. 

6.—Finally, restrictions the amount organic matter re- 
maining the ash after cremation not seem 
imposed upon the builders such apparatus, nor have 
such apparatus succeeded satisfactorily eliminating 
the organic matter from the ash. 


Table likely give very erroneous impression the 
quality the refuse collected Great Britain. That the author 
does not rely the figures given this table, quite apparent. His 
estimates the character the refuse various cities, given 
Table 10, prove that the conditions the plants visited did not 
correspond with the figures this table. figures the 
percentage coal, coke, breeze, and cinder are much too high, 
even for mid-winter. Mr. Codrington’s figures appear much 
nearer the actual conditions, while those Mr. Russell, giv- 
ing 64.53% for coal, coke, breeze and cinder, are not justified the 
results which has obtained the Shoreditch plant, the operation 
which directs. The figures for Torquay appear inverted, and, 
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Mr. Leask, inverted, would more fairly represent the conditions existing 


that town and similar towns along the south coast England and 
suburban districts. 

That there marked similarity between the refuse collected 
Great Britain and that collected New York undoubted, and the 
difference relates more character than calorific value. The 
speaker agrees with the author that there probably more moisture 
refuse, collected Great Britain, than refuse collected the 
Borough Richmond, but different form. the Borough 
Richmond the moisture principally contained the garbage, 
while Great Britain the ash, rule, contains quite large per- 
centage water, and must remembered that, this form, 
more easily attacked than when carried the structure material 
such garbage. 

There similarity, also, between the refuse collected many 
cities the Continent Europe and that collected the United 
States. has been stated that the refuse collected Berlin has 
calorific value about 2000 u., while Frankfort has 
calorific value 4350 u.; the refuse collected Vienna 
stated contain about 3000 u., and that Kiel somewhat less. 
The refuse collected Paris has been analyzed frequently, and has 
been variously stated contain from 600 calories. 

should noted that the chemical analysis the refuse Kings 
Norton was made refuse collected winter. the spring, three 
years later, another analysis was made, and the refuse was found 
contain 4300 summer, however, the calorific value could 
not much more than 000 

might interesting give the calorific value applied various 
classes refuse German scientists, order that comparison may 
made between that part Table devoted that subject and 
the values ascertained Mr. Welton: 


Vegetable matter ... 2165 
“ 


540 


will seen that the calorific value vegetable matter corre- 
sponds very closely with Mr. Welton’s figures, while that for coal, coke, 
somewhat higher, and that for rubbish (composed paper, 
wood, rags, ete.) appreciably lower. 
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order make comparison the refuse collected the Bor- Mr. Leask. 


ough Richmond and that collected the London residential dis- 
trict, containing some stores, and suburb one the large 
provincial towns, the speaker’s ‘firm, the courtesy the city en- 
made number analyses the refuse collected the 
Metropolitan Borough Stoke Newington and Kings Norton, near 
Birmingham. This refuse was sorted hand into four classes: 


2.—Coal, coke, cinders and fine dust, including fine inseparable 
vegetable matter; 

3.—Rubbish; 

incombustible matter, such tin, bottles, ete. 


These analyses were made period corresponding the critical 
month Richmond, that is, September and early October. The volume 
the refuse Stoke Newington worked out about cu. yd. per 
ton 2240 and contained average: 34.43% garbage, 
42.92% coal, fine dust, 15.4% rubbish, and 7.35% glass, 
metals, The refuse had averaged cu. yd. the ton for about 
five months, and presented somewhat similar characteristics during 
this period. Kings Norton the refuse had volume about 3.75 
cu. yd. per ton, and carried 39.5% garbage, 45.4% coal, fine dust, 
9.3% rubbish, and 5.2% glass, metals, Taking September alone, 
there was 49.37% garbage, 38.80% coal, coke, 7.73% rubbish, 
4.28% glass, from which can seen that the percentage 
garbage even higher than that collected the Borough Richmond 
for that month. not suggested that the foregoing figures are ab- 
solutely accurate, but merely the result honest endeavor ascer- 
tain the make-up the refuse. The results obtained with the refuse 
Kings Norton agree very well with the balance sheet, shown 
Table evaporation and combustion-chamber temperature. 
September the evaporation was somewhat higher than that 
the balance sheet, that is, more than 1.25, actual, ordinary work, and 
the average temperature the combustion chamber about 150° higher. 
The speaker’s make-up balance sheet would differ slightly that 
the radiation loss would not high, while there would some- 
what lower percentage unburned carbon the clinker and ashes, 
but probably greater loss moisture chimney gases. the 
average combustion-chamber temperature and evaporation winter 
and spring are considerably higher than the foregoing, can seen 
that, British refuse, well that under discussion, there 
considerable seasonable variation. 

The practical tests, given Table demonstrate clearly that 
the material burnable, and the results obtained are such might 
expected when burning material such crude furnace, and pre- 
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clude all doubt obtaining satisfactory temperatures with prop- 
erly regulated and heated air supply. 

Based the results obtained with summer refuse England, 
Messrs. Heenan and Froude, Manchester, who have been en- 
trusted with the plant for New York City, specially designed and 
erected plant Vancouver, This plant has certain de- 
partures from their standard type. now successful operation, 
and, the refuse collected that city, destroying more than 
tons per hours, suitable temperatures, without the aid 
supplementary fuel, and with excellent residual. The refuse burned 
very poor quality, due the presence considerable quantities 
wood-ash and moisture. The difficulties obtaining high tem- 
peratures with this material have been overcome checking the 
quantity and increasing the temperature the air supply. Figures 
detail the results are not yet hand, therefore they cannot 
given here. The cost destruction 36.1 cents per ton, includ- 
ing the salaries two engineers who look after the pump, boiler, fan, 
etc. During the first week the plant was put operation, sur- 
passed the guaranty, which unusual—the men being untrained—and 
better results may expected the course time. 

The utilization the steam and clinker resulting from the de- 
struction refuse means the only offset the cost burn- 
ing. The most important offset the reduction the cost collec- 
tion, for modern plant may placed the center city 
residential quarter without fear nuisance the neighborhood. 
This means great reduction the cost collection and transport. 


‘Numerous instances can cited supporting this: the Metropolitan 


Borough Stoke Newington, previously mentioned, two 45-ton units, 
each with 200-h.p. boiler and the appurtenances thereto, clinker- 
crushing and screening plant, has been erected the middle the 
Borough, the rear the Town Hall, and surrounded all sides 
three and four-story dwellings good class. Notwithstanding 
the fact that the interest and sinking fund the capital outlay, the 
repairs, maintenance, and labor charges have added the cost 
disposal, the cost collection, transport, and final disposal now 
lower than was prior the erection the plant, and this spite 
the fact that, yet, use has been made the steam generated, 
which equivalent about 175 k.w. per hour from one unit; also 
exclusive the sale clinker, which has been contracted for 
profitable basis. The same conditions apply Woodgreen, London, 
where the plant also critically located, and Rathmines, Dublin, 
where saving coal $2000 per year (in addition the saving 
cost collection and transport) has been made, and where, the 
past, the power has been utilized without relying storage batteries. 
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Now that storage batteries have been installed, the saving coal, Mr. Leask. 


shown the working during the past few months, will more than 
per anum. This the more remarkable the quantity ref- 
use handled less than tons per day. 

Table gives the average temperature which may expected 
the combustion chamber various seasons; gives idea, however, 
the lowest temperature which may occur. When burning Septem- 
ber refuse the standard British furnace with air heated to, say, 
250° fahr., the lowest temperature would near, not actually be- 
low, the limit 1250°, momentarily. insure the temperature 
always being above this lower figure, absolutely necessary in- 
erease the temperature the preheated air, control the air supply 
very carefully, and, further, increase temporarily the temperature 
the air entering the furnace immediately after fresh charge. 
Fortunately, this can effected taking the heat out the clinker, 
just withdrawn from the grate, prior charging. All these points 
have been given special attention the case the plant for New 
York City. 

British destructors have been designed accordance with the 
principles mentioned the author, but has been progressive 
steps, and after many failures. The various steps the concep- 
tion and improvement refuse furnaces, made England, may 
traced follows: 


attempt burn refuse under shell boilers; 

2.—The building fire-brick lined furnace, Dutch oven, 
operated natural draft; 

3.—The introduction the fume cremator; 

abandonment the fume cremator and the introduc- 
tion forced draft; 

5.—The preheating the air supply; 

6.—The use continuous furnace chamber, containing 
number grates with divided ash-pits; 

7.—Suitable ventilation the building; 

8.—Methods handling the clinker and recovering the heat 
contained it. 


With regard the cost operation, possible, with large 
plant, reduce the labor charge, part the work being effected 
mechanical means. must remembered, however, that the feeding 
the furnace only one three operations necessary the work- 
ing the plant: there the introduction material into 
the furnace, which may done mechanically; the other two, which, 
however, not appear susceptible mechanical operation, are 
the stoking and spreading and the final cleaning out the mineral 
residual from the grate. 
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The speaker’s firm has attempted solve this problem, and after 
many failures has last succeeded devising machine which will 
handle all classes refuse and will feed the refuse any desired 
quantity. trials such apparatus have been made 
one plant, and soon installed some city. The system 
adopted for charging depends the specific gravity the material 
dealt with and the size the plant. 

The speaker has had the opportunity examining the refuse 
number large cities the United States, and strongly the 
opinion that the combined refuse most cities can destroyed 
fire suitable temperatures, without the aid supplementary fuel. 

This brings another phase the question which has been 
mentioned Mr. Fetherston, namely, the collection the refuse. 
The adoption system single collection refuse, combining 
the ashes, rubbish, and garbage, cannot urged too strongly. 
impossible get complete satisfactory separation. question 
public health, rather than profit. The single collection costs less 
make. The mixing the refuse retards decomposition, the ashes 
acting deodorant absorption, and provides wherewithal 
calories cleanse the mass its impurities, and, when burned, leaves 
marketable residual the form of-clinker. advantage taken 
the heat generated combustion (and here should noted 
that, whatever the material may be, when burned suitable 
temperatures there always utilizable heat), there placed the 
disposal the authorities another valuable residual the form 
steam, the best uses for which are those giving large load factor, 
such pumping—sewage water—or electric traction. Lighting 
alone not satisfactory outlet. The question collection and dis- 
posal refuse the United States to-day appears the state 
that was older countries some years ago, that is, the hands 
contractors. has been abundantly demonstrated that the only satis- 
factory method for the municipalities themselves undertake it. 
Where this has been done, and where refuse destructors form part 
the scheme, has been followed noticeable decrease the 
death rate. Why should not one the richest countries the world 
forsake the problematical gain arising from reduction, and regard the 
question from purely health standpoint, has been done 
older countries, even backward Russia? 

The whole question purely one combustion, and, generally 
speaking—provided the moisture contained the material not ex- 
cessive—refuse containing 2000 per Ib. will cleanse itself. 

The great difference between the combustion problem applied 
and refuse this: When dealing with coal one has material 
which comparatively low ash and requires about 
air per lb. burn practical and satisfactory manner, whereas 
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refuse high ash, and the air required only from per Mr. Leask. 


Ib. The difficulty, therefore, find small quantity carbon 
large bulk, with the minimum quantity air. effect this 
one must look the distribution and the temperature the air sup- 
plied, the intensity the draft, and the environment the burning 
mass. is, therefore, wholly engineering proposition. 

The speaker must again congratulate the author the service 
has rendered engineering science general and contracting engi- 
neers particular. 


Green, Am. Soc. (by possibly in- 
teresting addition might made the future Mr. Fetherston’s 
complete statement conditions date, experimenting with the 
drying garbage kitchens before turned out for collection 
the city wagons. There usually great deal heat wasted 
kitchen stove that might used this way, particularly some 
simple hand-press was first used squeeze out the free water. The 
effect should retard decomposition, making less frequent collec- 
tions practicable. would also get rid the flies and the unsightly 
offensiveness the drippings from garbage cans and collection wagons. 
seems possible that little competent supervision, backed ordi- 
nance, might easily educate householders into turning out their garbage 
dry enough wrapped coarse brown paper. swill wagon would 
then more offensive than grocer’s wagon, and refuse disposal 
plant neighborhood more objectionable than butcher’s shop. 

This change sentiment could encouraged the utilization 
the waste power from the refuse furnaces the commercial heating 
stores and houses the neighborhood. The writer has for three 
years enjoyed the service commercial heating company his 
home. Merely turning steam and off, like gas, water, and electric 
light, seems great improvement over the dust and bother 
buying coal, keeping the furnace going, and getting rid the 
ashes, that thought the day will soon come when individual 
furnaces will rare tallow candles, rain-water cisterns, cess- 
pools. Houses able command this convenience should 
premium over those too far from disposal plant heated from it. 
Further, there would ashes collected from district com- 
mercially heated. Mr. Fetherston states that electric lighting ob- 
jectionable means utilizing the heat from destructors, because 
light needed only few hours day. Commercial heating should 
overcome this difficulty furnishing all-day demand. 


there refuse disposal plant which has been conducted successfully 
private enterprise for many years, and the writer thinks should, 
least, mentioned, because the existence ‘such plants, all 
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extensive, changes the whole problem municipal refuse disposal. 
Private plants this kind take their supplies from practically only 
one the classes into which Mr. Fetherston has divided all refuse. 

regretted that only superficial description this plant can 
given, and hoped that one the Chicago members the So- 
ciety will gather for what would prove quite in- 
teresting paper. 

The writer’s interest the plant was aroused because was such 
marked example reclamation. The proprietor took what other 
people were glad get rid of, and coined into mintage six- and 
eight-story buildings, which only increased further his coining ability. 

The plant the heart Chicago’s factory and loft district. 
near the South Branch the Chicago River and west where the 
Metropolitan Elevated Railroad crosses that river, being just under 
the north side the elevated structure. 

operated part the loft and power buildings, and con- 
sists boiler-room good size, with furnaces the kind used for 
burning shavings, storage room holding about couple carloads 
refuse various sorts, small coal-bin, and large engine-room. 
the time the writer saw this plant was furnishing sufficient power 
operate machinery the power lofts six- and eight-story build- 
ings, covering about full city block, which more have since been 
added. 

The material was, way, selected nature. wet stuff 
garbage was received, but considerable quantities stable refuse were 
taken. For the most part, the material consisted shavings, paper, 
leather, and the burnable refuse that cast out shops all 
varieties. 

The writer was informed that the supply this refuse was very 
and regular. case the supply gave out, coal was burned, 
and, there was room for loads, the drivers were paid cents 
carry them the filling dump the Lake Shore. The writer was 
also informed that the quantity coal used would seldom amount 
tons per month, being generally much less, and that very little 
money was paid for hauling the over-supply. The writer knows noth- 
ing the ashes and their disposal. The power was transmitted 
that time hemp rope. The smoke from this plant improve- 
ment the usual output that locality. 

The study plant this kind may lead valuable informa- 
tion. There are places for such installations all cities, unless, 
course, the city pre-empts all the refuse order that the dry may aid 
the disposal the wet. any rate, the increase the plant re- 
ferred shows them commercially feasible, and yet their ex- 
istence will disturb municipal plants very seriously and decrease their 
ability burn garbage. 
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Am. Soo. (by more than Mr. Fisher. 


three years prior September 1906, the writer consulted every 
available published work report the English language dealing 
with the disposal municipal wastes, and takes pleasure say- 
ing that the work Mr. Fetherston the most thorough and pains- 
taking any has found. There branch municipal work 
which the saying Artemus Ward, “It better not know 
much, than know many things that ain’t so,” more aptly applies. 
large portion the investigations this subject heretofore made 
have been conducted council committees without expert advice, 
therefore they have dealt generalities rather than detailed infor- 
mation. 

Early 1904 Mayor Cutler requested the writer make in- 
vestigation the subject the collection and disposal garbage and 
refuse for the City Rochester, Y., together with recommendations 
for better method collection and disposal than was then use. 
that time the garbage was being collected under yearly contract, 
which included both collection and disposal. The contractor disposed 
the garbage the farmers the outlying towns, made arrange- 
ments with them dispose land outside the city. The health 
authorities the adjoining towns objected this method dis- 
posal, and became evident that some other and more sanitary method 
must adopted. 

The writer visited number plants the United States and 
made careful study the recent literature the subject garbage 
and refuse disposal other cities, both home and abroad. Near 
the close 1904 became evident that more time would required 
order make intelligent report, and the writer recommended 
that the same method disposal provided 1904 continued for 
another year. 

Near the close 1905 similar condition existed, and another 
yearly contract was entered into. 

The estimated population for 1904 was 175000. The total quantity 
garbage collected for the year was 964 tons, average 0.72 
lb. per capita per day. For 1905 the population was, the State 
enumeration, 181 670; the total quantity garbage collected was 800 
tons, and the average per capita, 0.66 Ib. per day. 

September, 1906, the writer completed his report, and made the 
following recommendations: 

Eventually the city will dispose the garbage and refuse burn- 
ing, and the collection and disposal will done directly the munic- 
ipality. view, however, the present unsatisfactory conditions 
this method disposal the United States, was suggested that its 
operation further postponed, and contract let for the collection 
and disposal garbage, pursuant the amendment the charter, 
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for period years from January 1st, 1907. was recommended 
that the collection for the central portion the city should made 
daily and for the remainder the city, from May 1st October 
three times week; and, for the remainder the year, weekly. was 
also recommended that, all the reduction methods disposal 
are subject interruption frem the failure some portion the 
plant, the contractor should procure, either lease purchase, 
sufficient area land bury the garbage without offense the sur- 
rounding property, case breakdown the disposal plant. 
was also recommended that the city have option take over the 
plant valuation fixed arbitration the end the term. 

was further recommended that the contractor should satisfy the 
Board Contract and Supply that the process intends adopt 
has been proved successful actual operation under contract 
some city considerable size. should furnish sufficient general 
plans and descriptions the plant that the Board may satisfy it- 
self that his equipment sufficient take care the maximum 
quantity garbage and dead animals that may required dis- 
posed any time during the term the contract. 

The writer also further recommended separation the ashes 
and rubbish, and the construction suitable plant within the city 
for the disposal the entire rubbish burning; the plant preferably 
constructed and operated directly the city. 

The recommendations the writer with reference the garbage 
collection and disposal were adopted, and contract was entered into 
with the Genesee Reduction Company for the collection and sanitary 
disposal the garbage and dead animals the City Rochester 
for period years from January 1907, yearly compensa- 
tion The estimated quantity garbage for the 5-year 
period from January 1907, January 1912, was average 
tons per day. The contractors bidding for this work, including 
the bidder, insisted that this was very much excess 
what they believed would the actual quantity. interesting, 
however, note that the report for 1907, made the Commissioner 
Public Works the Genesee Reduction Company, shows that the 
actual quantity garbage collected for 1907 was 661 tons, about 
18% more than the estimated average for the 5-year period. 
probable, however, that quantity garbage was left 
over the preceding contractor and included the 1907 collection. 

The estimated population for 1907 was 191000. The average quan- 
tity garbage per capita per day was 0.88 interesting note 
that the actual quantity, shown Table Mr. Fetherston’s 
paper, 0.85 Ib. 

The Genesee Reduction Company, which the contract was 
awarded, acquired location the west bank the Genesee River 
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between the Upper and Lower Falls. This location within less than Mr. Fisher. 


500 ft. State Street, one the important business streets, and with- 
less than mile the business center the city. The reduction 
process used modification the Arnold system, and 
the contractors the “Beaston process.” The plant was put opera- 
tion June 5th, 1907, and has been operated successfully since that 
time. first, there were numerous complaints, based very largely 
prejudice against the name “garbage plant.” These complaints 
have almost entirely ceased, and the plant has been operated 
the present time without serious offense. 

Based upon all the information that the writer has been able ob- 
tain, would not recommend for the City Rochester the combined 
collection the garbage, refuse and ashes. The ashes and rubbish, 
the present time, are collected together, and are used for filling ravines, 
old quarries, ete. portions the city, available dumping places 
for this mixed refuse are becoming scarce, and the time hand when 
different method disposal will required. 

1905 the population the city was 181670. During the year 
ashes and rubbish were removed, the estimated 
weight which was 116516 tons. The total cost this work was 
$97 208.26. The estimated quantity per 1000 inhabitants was 1391 
cu. yd., 642 tons. The cost per cubic yard was $0.384, and per 
capita, 

result examination 1208 loads ashes, rubbish, and 
paper, during the summer 1903, was estimated that 25% the 
gross amount was composed ashes, 28% paper and 47% mis- 
cellaneous rubbish. 

similar examination, made January, 1905, 1255 loads 
ashes and rubbish, showed that 80% was composed ashes and cinders, 
and 20% paper, wood and other miscellaneous refuse. the 80% 
ashes and cinders about was classified cinders and 
75% ashes. The average for the year was very nearly 50% rubbish 
and 50% ashes. 

The writer believes that his that the ashes and 
rubbish collected separately and the rubbish taken incinerator 
near the garbage plant, the best solution the problem 
the disposal these wastes for the City Rochester, and expects 
the plan will out the near future. Whether will 
advisable burn the garbage together with the refuse question 
which the experience five years with the reduction plant will enable 
the decide better than present. 

The writer again wishes express his appreciation the very 
careful and painstaking work done Mr. Fetherston, and regrets 
that the information contained his paper was not available prior 
the making the writer’s report September, 1906. 
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the disposal refuse has always been very troublesome. The problem 
met Mr. Fetherston the Borough Richmond the same 
that found other cities and towns, and varies only with the different 
conditions. 

The following information relating the incineration refuse 
and the reduction garbage the Department Street Cleaning 
New York City may interest: 

1895, when the late Colonel George Waring, Commissioner 
Street Cleaning, ordered the separate collection ashes, rubbish, 
and garbage, was his intention incinerate all the rubbish which 
was not salable. For that purpose, built quite complete in- 
cinerator plant East Eighteenth Street, containg furnace, con- 
veyor, boiler, dust catcher, fan exhauster, engine, The refuse 
was sorted the conveyor while passing the furnace, and all salable 
articles were kept out. Steam, developed the boiler, furnished all 
the power required the plant. auxiliary furnace was provided 
for bulky rubbish, such barrels, boxes, furniture, beds, and 
such material was not broken up, but was thrown into the furnace 
soon received. 

This plant disposed from loads per day, and was 
operated for several years, until the expiration the lease the 
property. 

the Borough Queens, the garbage burned four Dixon 
furnaces. These have destroyed 617.6 tons garbage and 687.3 tons 
rubbish one year. the destruction the garbage, 626 tons 
coal and tons cord-wood were used. the wood and rubbish 
are estimated equal 139.8 tons coal, then 766.1 tons coal 
were needed the destruction 5617.6 tons garbage, 
coal 7.3 lb. garbage. These furnaces have been kept repair, 
and are still operation, but the combustion slow, and the tem- 
peratures are not high. 

154-hour test experimental garbage furnace built 
the Department West Fifty-first Street, 6099 lb. wet garbage 
garbage. The garbage this case was reduced 5.6% ash, exclusive 
the ash from the coal. rubbish was burned during this test, 
the purpose was obtain information reference burning garbage 
alone. 

rubbish furnace with two 50-h.p. boilers was next constructed 
contract, under John McG. Woodbury, Assoc. Am. Soc. E., Com- 
missioner Street Cleaning. This furnace was designed 
Parsons, Am. Soc. E., for incinerating rubbish and ex- 
perimenting with steam production. 

Decarie furnace, for burning the garbage the Borough the 
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Bronx, was built East 144th Street and operated for several days, Mr. Stearns. 


but was obliged close failed the work. 

small experimental plant for the destruction rubbish, con- 
structed the Department North Moore and Varick Streets, the 
following results were obtained: 


Average horse power per hour 22.4 
Rubbish burned per hour per square foot grate area. 13.8 Ib. 
Horse power per square foot grate area............ 0.56 
Heating surface per square foot grate area........ ft. 
Water evaporated per pound rubbish burned....... 


Having proved that the rubbish had such high fuel value, was 
decided alter the West Forty-seventh Street plant and put 
additional boiler 150 h-p. order increase the efficiency the 
plant. This work was done the Department, and, experi- 
mental test, the following results were obtained: 


Average horse power 232.7 
Quantity rubbish produce h-p. per hour...... 21.9 Ib. 
Horse power per hour per square foot grate area.. 1.51 
Heating surface per square foot grate area....... 17.9 sq. ft. 
Water evaporated per pound rubbish............. 1.59 
Percentage ash from 14.5 

Weight rubbish per cubic yard.................. 


There was sale for the steam power thus produced, and the City 
had way utilizing it. 

The following measurements the light rubbish were made 
the West Thirtieth Street dump, the loads being weighed coal 
scales, and measured the carts: 


1253 cu. yd. 


Weighed small scales, boxes known capacity, the follow- 
ing results were obtained: 
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Mixed paper, picked....... 5366 674 cu. yd. 

Total disposed of........ 261 cu. yd. 


The decrease weight, the second weighing, was 
per cent. 

The increase bulk, the second measurement, after sorting, 
was cu. yd., per cent. 


Percentage picked..... 42% weight, 54% bulk. 


The following gives the details another measurement the 
light rubbish, made the West Thirtieth Street dump, the loads 
being weighed coal and measured the carts: 


Ib. 1612 cu. yd. 


Weighed small scales, boxes known capacity, the following 
results were obtained: 


Mixed paper, picked....... 6515 yd. 


Total disposed of........ 19467 200% cu. yd. 


The decrease weight, the second weighing, was 
per cent. 

The increase bulk, the second measurement, after sorting, was 
cu. yd., per cent. 


44% weight, 54% bulk. 
“ 46% “ “ 


Percentage picked..... 


The following measurements the light rubbish were made the 
West Forty-seventh Street dump, the loads being weighed coal 
scales, and measured the carts: 
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Department loads....... 48100 cu. yd. 
Average Department load.. 1093 
private load ..... 453 


Weighed small scales, boxes known capacity, the following 
results were obtained: 


Newspapers, picked 5185 cu. yd. 
Manila paper 1250 
Rags “ 1007 “ 64 ar a 
Tron and tins 1942 
Shoes 
Hats “ 17 “ 3 “ “ 
Rope “ 11 “ 4 « 


The decrease weight, the second weighing, was 241 
per cent. 

The bulk, the second measurement, after sorting, was 
2163 cu. yd., per cent. 


Percentage picked 48.8% weight, 63% bulk. 


having been found actual test that rubbish was good fuel, 
was decided build plant under the Williamsburg Bridge, with 
conveyor for sorting the rubbish, and with boilers for 
steam. 

The plant* was designed Mr. Parsons, and 
two furnaces and two 200-h. Sterling boilers, with feed-water heaters. 


déscription this plant may found Transactions, Am. E., 
Vol. LVII, 
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Very good results were obtained 6-hour test this plant, and 
were due partly the furnace being close the boilers; partly the 
use feed-water heaters; and partly the longer distance traveled 
the heat passing through the boilers. 

this test the following results were obtained: 


Average horse power 455 
Quantity rubbish produce h-p. per hour...... 14.8 Ib. 
Rubbish burned per hour per square foot grate area 
Horse power per square foot grate area........... 2.63 
Heating surface per square foot 22.6 sq. ft. 
Water evaporated per pound rubbish burned...... 2.29 
Percentage ash from 14.9 

Flue temperature between furnace and 
Average weight rubbish per cubic yard........... 


This plant was used for lighting the Williamsburg Bridge. 
first furnished about 250 amperes 250 volts, and lighted part the 
bridge, but the load was afterward increased until 800 amperes 250 
volts were generated, and this was sufficient for the complete lighting 
the bridge. account this increased demand for power, the 
plant was operated beyond its reasonable capacity, and, result, 
the fire-brick lining the boiler flues was melted. The melted brick, 
together with ashes and other elements carried from the furnace, filled 
the flues with slag resembling iron ore, while the melted bricks 
gradually disappeared, the tops the flues caved in, and was 
necessary discontinue lighting the bridge. The plant was then run 
simply for the incineration rubbish. 

contract for lighting the bridge was made with the Edison Com- 
pany for cents per kw-hr. 

another plant, built the Department, the boiler very close 
the furnace; there flue between the two, the opening between 
them being the full width each. This plant has been operation 
for nearly year, and has furnished the power run the conveyor 
and the presses, without any repairs, melting bricks, production 
slag. 

was found, however, that notwithstanding all the improvements 
made, would impossible generate electricity for cents per 
kw-hr., and the project lighting the bridge this way was 
abandoned. The plant has been arranged simply for the incineration 
rubbish, and doing excellent work. The waste heat goes the 
stack. 
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The failure the incinerating plant light the Williamsburg Mr. Stearns. 


Bridge does not prove that rubbish not good fuel, nor does prove 
that impossible generate steam power with rubbish fuel. 

Another furnace (without boiler) was constructed the De- 
partment the foot Thirty-seventh Street, South Brooklyn, and 
has been found very economical. has been run for nearly two 
years, with almost repairs, and the only city employee the plant 
the man who tallies the loads. The plant operated con- 
tractor return for the privilege sorting out valuable material. 

The garbage subjected reduction process the Sanitary 
Utilization Company. This company furnishes the scows, tug-boats, 
and labor required removing the garbage from the dumping boards 
along the water front the reduction plant Barren Island. For 
removal from the Borough Manhattan, the contract price $148 000 
per year, and 187 924 loads were collected and disposed 1907, each 
load weighing about lb. The garbage cooked digesting 
tanks until the oil and grease are dislodged, and then the liquids are 
removed presses. The oil and grease are sold, used 
the trades, and the solid material from the presses dried, ground, 
and used fertilizer base. 

The following analyses material were made the Lederle 


June 2d, 1905. Ashes from West Forty-seventh Street incinerator: 


Potassium carbonate 2.65% 
Phosphoric anhydride 0.91% 


Moisture original (approximate)...... 50% 


June 23d, 1905. Street sweepings from Rivington Street, Lower East 
Side, Manhattan Borough: 


Moisture (approximate) sample....... 66% 
Moisture, dried and powdered sample. 0.49% 
Ash, dried and powdered sample...... 37.56% 


| 
June 9th, 1905, Ashes from the West Forty-seventh Street incinerator: 
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Mr. Stearns. 23d, 1905. Street sweepings from Fifth Avenue, between Twenty- 
third and Fifty-ninth Streets: 


Moisture (approximate) sample re- 


Moisture, sample analyzed.......... 0.64% 
Ash, sample analyzed.............. 14.85% 


August 13th, 1905. Garbage from Pitt Street, between Rivington and 


Stanton Streets; and from Rivington Street, between Pitt and 
Sheriff Streets: 


Moisture material used for calorim- 

Ash material used for calorimeter test 

November 10th, 1905. Ashes from Delancy Street incinerator: 

Combustible matter, dried sample..... 20.15% 


Sample was wet when received, evidently from sprinkling. 


January 18th, 1906. Ashes from Delancey Street incinerator: 


and other 5.48% 
Alkaline earth carbonates, silicates, oxides 
iron and alumina, 60.91% 
Organic and volatile matter (loss 
January 18th, 1906. Ashes from West Forty-seventh Street incinerator: 


Alkaline earth carbonates, silicates, soda, 

oxide iron and alumina, 
and volatile matter (loss 


Mr. Morse. (by conditions attending the 
collection and disposal the municipal refuse New Brighton, 
described Mr. Fetherston, are similar those the great ma- 
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jority American towns the third and fourth classes. The surveys Mr. Morse. 
and reports has made may apply equally well many other places, 
and, comparison, will the greatest value those interested 
this subject. has laid firm foundation upon which all may build. 

The quantities and seasonal variation Table not corre- 
spond with the observations contained several reports from other 
towns. The weights per cubic yard for ashes and rubbish, 0.42 ton, 
and garbage, 0.46 ton, are much lower figures than have formerly been 
accepted standard. 

This difference undoubtedly due the mixed collections, but, 
making allowances according the subsequent determinations for 
rubbish and deducting these, will still appear that his average 
weights per cubic yard separated garbage and ashes are much be- 
low those reported from other places. 

The values the several classes waste, determined 
thoroughly the calorimeter and analysis Mr. Welton Table 
and supplemented the practical tests covering the period year, 
are the most convincing proof the combustible character Ameri- 
can city refuse. 

There have been many statements the effect that American refuse 
could not burned done abroad, even with the same forms 
destructors, because the larger relative quantities wet garbage, 
greater quantities moisture, and with household ashes con- 
taining 50% fine ash—worthless for fuel. 

those engineers whose work connected directly with the dis- 
posal waste, this part the paper perhaps the greatest interest. 
answers many questions which heretofore have remained unsolved; 
determines the calorific value different periods; proves the deduc- 
tions practical tests, demonstrations and analyses; and 
gives standard for the measurement all work done any form 
crematory furnace. 

The two sets calorimeter tests, made different authorities, 
covering period two years, show the thoroughness the work. 
The first set tests shows average 3127 for the year, 
while the tests the second year show 4274 u., the difference 
being probably due better care the selection and treatment the 
material. The average these determinations raises the heat values 
American refuse place quite equal the English standards, 
while the equivalent evaporation, 2.03 Ib. water per pound refuse, 
shown Table seems furnish conclusive proof that results 
equal the English work can obtained from the combustion 
American waste properly designed furnaces. 

make this clearer, the writer has ventured extend the data 
tabulated the first part Mr. Fetherston’s paper, and express this 
equivalent quantities coal. 
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Mr. Morse. TABLE 14.—THEORETICAL CALORIFIC VALUES AMERICAN CITY 
Coat. 


1 ton ashes. garbage, refuse, and rubbish.................- 480 Ib. coal. 
Combined waste: <1 garbage, refuse, and * 
“ 


this statement, refuse taken mean dry combustible matter— 
paper, wood, straw, rags, everything except ashes, garbage, and 
rubbish. Rubbish means incombustible matters—metals, 

examining Table which reports the practical tests burning 
the waste New Brighton actually collected during period one 
year, the question temperatures seems worth some considera- 
tion. The apparatus used was not well adapted for accurate work, 
and there could reliable records except for part the year 

(March September, 1906). Taking the last fourteen trials, when 
the temperatures were recorded pyrometer, the highest and 
the lowest 1100°, the mean being 1380° fahr. These measurements 
were taken directly behind the fire-box Dixon crematory, with 
which the tests were made, and are not comparable with the tempera- 
tures obtained the combustion chamber modern destructor; 
but, far they go, they are the only set temperatures recorded 
for American crematory work, when under forced blast, and are the 
more significant for comparison with the usual operation crema- 
tories natural draft. 

The writer was present one these practical tests (September 
26th, 1906) when 1200 lb. mixed waste was destroyed. The pro- 
portions were approximately: Garbage 60%, ashes 30%, refuse 7%, 
rubbish 3%. The time was hour and min. The conditions and 
apparatus were described the paper, and the temperatures behind 
the coal grate were from 900° 1400°, average 1035° fahr. the 
purpose was ascertain the approximate calorific value remaining 
the clinker, withdrawal clinker ashes was made until the 
whole quantity waste had been burned. The clinker was withdrawn 
water was passed through this, and the readings for temperatures 
taken intervals min. The first temperature was 423°, and 
min. fell 150° fahr.—a loss 273 degrees. The weight the 
clinker was 272 and ashes lb.—the whole being 345 
28% the original quantity destroyed. There could doubt 
the perfect combustion mixed waste without other fuel under cold- 
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air blast, even with the great loss heat due imperfect appliances. Morse. 
also shows that these results could not have been obtained the 

natural draft chimney reasonable height with crematory 

this form. 

subsequent determination the temperatures this crematory, 
while actual work, burning the daily collection garbage, using 
coal fuel, was thus reported: 

Dixon crematory, ft. long, four charging holes, four stoking 
heavy coal fire, with usual charge city garbage and light 
refuse. immediately behind firebox, first 
stoking door, 1500°; second stoking door, 1160°; third stoking 
door, 970°; chimney, ft. above furnace, 606 degrees. The loss 
heat, from the fire-box the base the chimney, was approxi- 
mately loss about 350° for each ft. length furnace 
garbage grate. There was re-heating re-burning the gases, 
which were discharged from the stack heavy, dark clouds. 

the summary the work the English destructors, the author 
gives the net cost for labor 214 cents per short ton, increased for 
American labor conditions cents per ton. 

When destructor plants are operated for power, especially for elec- 
tric lighting, the expenses are slightly increased, because the need 
power development within limited time. 

the report the Meldrum destructor Westmount (Montreal), 
which has been service almost two years—long enough obtain 
some data value. (See description plant, Table 10, No. 40.) 

The quantities and seasonal variations the composition the 
Westmount waste are approximately follows: 


Quantity, months—more than 000 tons. 
1907—12 months—about 8000 


Composition: 
Items, Summer. Winter. 
20% 70% (including much fine dust.) 
Refuse ...... 10% 


Average daily quantity destroyed, summer, about tons. 


Estimated coal per ton waste 


(average) (coal cost $5.00 per ton).... $0.58 
Total return cash credited destructor, 

Total return cash destructor, 


Total net operating costs and fixed charges, 
1907, including interest 4%, deprecia- 
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tion and sinking fund (after 

crediting sale steam electrical 

Total net operating costs and fixed charges 

per ton for 1907, after crediting sale 


Total net operating costs for 1907, after 
Total net operating costs per ton for 1907, 
after crediting sale steam........... 0.30 


there very large percentage absolutely valueless fine dust- 
like ash mixed with this refuse, especially winter, due the large 
number sifting furnaces installed Westmount houses, and also 
because the much higher rates wages paid for operators, the cost 
per ton higher than the average figures from English destructor 
service, but, with the fine ash screened out (as now contemplated), 
much larger quantities refuse can handled, and far better re- 
sults obtained; the costs operation per ton could also much re- 
duced the refuse were forced through the destructor furnaces 
fast would burn, instead being burned the grates com- 
paratively slowly, get the best steam results from it. 

With the conclusions and deductions formulated Mr. Fetherston, 
all engineers who have studied this subject must, the main, concur. 
While there may differences opinion the adaptation these 
forms destructors for the general work waste disposal America, 
there certainly can but one conclusion when the conditions and sur- 
roundings are such are reported this paper. 

the results are expected, and the work waste disposal 
New Brighton successfully done, long step will have been made 
the direction satisfactory solution puzzling municipal 


vast amount information upon the subject municipal refuse, and 
arranged systematic and scientific way. Apparently, con- 
siders minutely only one aspect the question, namely, that the 
disposal refuse fire, and little reference made other systems 
disposal, which, under certain circumstances, may right and 
proper ones use, even large city town. 

Theoretically, the destruction such refuse fire not com- 
mendable, necessarily involves the waste certain materials, 
and the object sought seems system which will enable 


*Borough Surveyor, Paddington, London, England. 
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this waste material put profitable use for the benefit the Newton. 
community. 
Among other systems disposal, the following may cited: 
(1).—The utilization such refuse for the purpose filling 
low-lying lands. the writer’s experience, this system has been 
adopted the case English city where desolate area land, 
under water for many weeks the year, was turned into well- 
drained and attractive public park, the level having been raised 
some places many feet, while the refuse the town was disposed 
trifling cost. 
(2).—The distillation such refuse, the gas evolved being utilized 
commercially. 
conversion the whole the refuse into fine powder, 
which, mixed with chemicals, may advantageously used manure. 
(4).—The separation the refuse machinery, hand, into 
its constituent parts, the first place, the materials may 
disposed more cheaply when all one kind are together; and, 
secondly, the materials thus separated may utilized for commercial 
undertakings. 
the Borough Paddington, with which the present time the 
writer connected, the last system now use, because the 
most advantageous and economical under the particular circumstances. 
estimate* the comparative costs house refuse collection and 
disposal Paddington with and without the sorting the refuse 
the manner described, and based upon the actual expenditure for the 
year 1900-01, may roughly summarized follows: 
Cost removing barges 20000 tons refuse, 
Whereas there obtained, sifting and selling 
Making total gain, sifting, of............. 
Less the cost working the sifting machine 


The ashes and breeze which form the principal source income, 
are used the brickmaking industry, being mixed with the clay 
the London Area, formed into bricks which are then burnt clams, 
produce the ordinary London stock brick. 

true that the total amount the sales depends consider- 
ably upon the state the brickmaking industry, and the price ob- 


the comparative costs refuse collection and disposal with and without sorting. This 
—— t filed in the Library of the Society, where it may be examined by anyone 
interested. 
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tained for ashes and breeze generally regulated the state the 
market the time production. The bricks are usually sold 
rate per chaldron. occasions this rate has been high 
shillings, while, within the writer’s recollection, much pence 
per chaldron has had paid for the removal the ashes and 
breeze. Even when this amount paid, the system economical, 
for cheaper dispose the various materials when sorted into 
their several kinds than endeavor get rid them rough 
miscellaneous mass. 

past years, destructors have been proposed, but there rea- 
son present regard them likely more economical less 
offensive than the present system, while the objections the residents 
high-class district the west end London destructor, 
whether well founded not, are very numerous, and very powerful. 


paper has supplied information concerning the disposal municipal 
refuse which has been needed the United States for years, and 
furnishes facts that are fundamental the proper treatment the 
subject. The writer, Chairman the Garbage Committee the 
American Public Health Association, urged American cities, far 
back 1890, obtain such information through the co-operation 
engineers. Again, paper before the International Engineering 
Congress St. Louis, 1904, the writer urged the doing ex- 
perimental work, and called attention the special questions 
solved. Not until the subject came under the immediate direction 
engineers has become possible make substantial progress. 

The reason why health departments were entrusted with the treat- 
ment this subject was chiefly the offensiveness the garbage. The 
real sanitary danger, however, does not lie the decomposition 
domestic garbage, which rarely contains disease germs, but the 
rubbish, which made dust, sweepings and discarded refuse, 
including that sick rooms, such mattresses, rags, ete. While 
sanitary authorities should have certain amount jurisdiction 
this matter, the practical methods securing economical disposal 
must fall the engineer. 

the writer’s knowledge, there but one other instance where 
similar scientific and thorough investigation the refuse disposal 
question has been made. likewise extended over year, from 1895 
1897, taking seasonal variations, and was made two engineers, 
Messrs. Bohm and Grohn, determine the practicability burning 
the refuse the City Berlin. The study was similar that made 
the Borough Richmond, and some respects was larger 
scale. proved that incineration the Berlin refuse, due the 
absence sufficient quantity unburned coal the ashes, was not 
economical under the conditions then existing. 
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Mr. Fetherston and the Commissioner Public Works the mr. Hering. 


Borough Richmond deserve credit for bringing the question 
refuse incineration into the realm engineering, where unques- 
tionably belongs. The supply more exact information regarding 
the composition refuse materials, their quantities per inhabitant, 
their seasonal variation, and their calorific power will benefit, 
not only the Borough Richmond, but many other cities 
similar character. 

The remaining part the whole problem, the results the 
actual incineration large quantities refuse, throughout all sea- 
sons, modern well-designed furnace, will, after one two years 
operation, place American engineers for the first time posi- 
tion deal scientifically with the subject and assure satisfactory 
results the least practicable cost. 

There are points which the writer desires emphasize, 
believing that upon them further light needed, and that this, 
doubt, will soon supplied after refuse incineration American 
cities has been fully inaugurated. 

Thus far, the English incinerators have practically given the best 
information results, although such results are 
empirical, and sometimes even crude and indefinite. not assured, 
therefore, that the precise results obtained England will repeated 
America, because American engineers are not yet position 
forecast fully, large scale, the effect the differences the 
character European and American refuse. 

The use bituminous coal England and anthracite coal 
most cities America one the conditions which will affect the 
result materially. Anthracite coal yields much larger amount 
ash, much which fine dust, but bituminous coal produces clinker. 
Montreal, with mixed refuse collection, was found necessary, 
after few years operation, screen the refuse, and eliminate the 
fine ash, order have satisfactory combustion, the fine ash 
naturally prevents air from passing through the mass freely 
through the clinker. the adjoining city Westmount such screen- 
ing does not appear yet necessary. More experience re- 
quired prove large scale the measure this difference, and 
whether prior screening economical otherwise. 

There further difference the refuse material the two 
continents. has been stated that the mixed refuse England con- 
tains more moisture than the mixed refuse the United States. 
this fact, likely that due the greater humidity the 
air England, and therefore the moisture may found largely 
the fine pores the ash. Moisture ashes humid climates 
shows itself thin film water which surrounds each particle and 
which brings the surface there evaporation the 
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Mr. Hering. surface. Moisture the organic matter summer garbage (melons, 
corn-cobs, ete.) contained almost closed cells, not capillary 
channels found ashes. When moisture heated and passes 
steam through garbage, decomposed incandescent carbon, the 
hydrogen being liberated and the oxygen burning the carbon the gar- 
boge, which produces high temperature. Steam created more readily 
from the moisture contained the open capillary channels incom- 
pletely burnt ashes the incandescence the remaining carbon, than 
from the moisture confined the cellular masses organic matter, 
which not only have less heat-conducting power, but from which 
moisture not readily drawn out and turned into steam in- 
carbon from the capillary spaces ashes. Therefore, 
free capillary moisture ashes should not reduce the temperature 
much the confined moisture meats and vegetables; or, other 
words, the reported moist mixed refuse England, but with less 
garbage, may burn better than the drier refuse cities the United 
States, but containing more garbage. the writer’s opinion that 
the precise effect the moisture the melon season still needs the 
demonstration that will get large scale well-designed 
furnace such has recently been built New Brighton. 

Still another question should answered more satisfactorily than 
has been done, the present time. Will mixed collection 
profitable the largest cities America the refuse in- 
Unquestionably, the popular desire favors mixed col- 
lection. was difficult introduce separation garbage, ashes, 
and rubbish, and there still exists everywhere feeling against the 
slight additional trouble which causes, while has been easy 
abandon separation and return the one-barrel collection; but, 
there are material advantages the separation, for the collection 
and disposal the entire refuse, such slight additional trouble should 
not factor. 

mixing garbage and ashes tend draw out, the 
capillarity the latter, some the moisture contained the former, 
and allow greater evaporation take place; but, with the kind 
garbage America, where about 10% the contained moisture will 
run out the pressure its own weight (more less accord- 
ing the season), needs further demonstration determine 
whether advisable have mixing. the house not until after 
delivery the furnace, and after opportunity has been given 
one way another free the garbage econemieally its 
moisture. much better that moisture, from the material 
burned, removed outside than inside the furnace, other con- 
ditions are equal. 

view the greater quantity fine ash anthracite coal, the 
conditions when separate disposal ashes cheaper will occur more 
frequently than when bituminous coal used. 
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Another important question relates the maintenance high Mr. Hering. 
temperature, both for sanitary and steam-raising purposes. the 
refuse has high fuel value, when compared with coal, neces- 
sary make special effort economize all the available heat. 
water-jacketed furnace, therefore, quite objectionable, also every 
and method operation which will allow cold air 
enter the furnace and reduce the temperature. the other hand, 
every means should utilized conserve the available heat. All air 
used for forced draft should heated the hot gases when about 
escape through the chimney, and the heat the ashes after clinkering 
should also utilized. 

well known that recent methods garbage incineration 
America have been costly and unsatisfactory their results. With 
the greater knowledge all conditions bearing upon the problem, 
which has been augmented efficiently the work done the 
Borough Richmond, better, and the writer believes 
quite satisfactory, results will obtained greater cost, and 
many instances much smaller cost than heretofore recorded. 

reduce the cost incineration, will necessary utilize 
for revenue fully practicable the heat which produced the 
combustion. There appear inherent difficulties the way 
doing this. Each local problem must considered its own way, 
and the question heat utilization should part the entire 
problem. Continuous incineration, giving continuous power, could 
used for pumping water sewage, for electric traction. Inter- 
mittent incineration could used for lighting for manu- 
facturing purposes. 

order accomplish satisfactory results, both maintaining 
high temperatures and supplying steady power, highly im- 
portant have trained men under skillful mangement, and this re- 
quirement will naturally make slow progress first; but 
hoped that the New Brighton furnace, which starts under such ex- 
cellent guidance, will clear the way make this progress not only 
effective, but more rapid than could otherwise expected. 

When assured that high-grade incinerators are practicable, 
and that trained men are available, then will also become practicable 
place such incinerators within the built-up parts city, without 
any objectionable results. The nearness the furnace the source 
the refuse will means economy shortening the haul and 
reducing the cost collection. This greater economy secured for col- 
will permit, necessary, larger margin the expense 
applied better operation the plant; and the nearness the 
plant the center industrial activity will give even more oppor- 
tunities for utilizing the power developed. 
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ing the discussion this paper, may stated that due considera- 
tion was given all known methods refuse disposal before mixed 
refuse destruction was selected the most suitable for the conditions 
Richmond Borough; garbage cremation, particular, received 
thorough investigation. 1895, Theodor Oxholm, Am. Soe. 
E., Engineer the Village New Brighton, now portion the 
Borough Richmond, examined and reported furnaces Norfoik, 
Va., Wilmington, Del., Scranton, Pa., and Terre Haute, Ind. Mr. 
Richard Fox, Superintendent Street Cleaning Richmond 
from 1902 1904, visited number incinerators, and made special 
report the plant Minneapolis, Minn. The writer spent week 
during the month August, examining and testing the crematory 
Atlantic City, the vicinity New York City, 
including one the Borough The Bronx, those Queens Bor- 
ough, Coney Island, and the Long Beach Hotel, were also in- 
spected. 

Mr. Venable’s valuable book “Garbage Crematories America” 
had not been published when installations for Richmond Borough were 
under consideration, but the main features most the American 
crematories were known those charge refuse disposal through 
articles the engineering press, means pamphlets and visits 
from inventors and builders furnaces. 

Two types garbage crematories had been operated long enough 
Richmond disclose the weaknesses their design and construc- 
tion, and none the furnaces visited promised overcome success- 
fully the inherent defects the local crematories prove per- 
manently sanitary and economical operation. 

Reduction was not considered feasible account the small 
quantity garbage contributed 60000 people scattered over 
district about miles long miles wide, and because suitable 
location for plant would render the cost collection and re- 
moval prohibitive. 

After the failure secure economical transportation street 
railway outlying property, the destruction mixed refuse 
seemed the only method successful operation which promised 
satisfactory solution the local problem. 

reduce the water content garbage pressing squeezing 
out the moisture before burning the material seems favorite 
suggestion when the incineration garbage under 
trial this method was made one hot day August, 1904, the 
West New Brighton crematory. Two steel rolls, pressed together 
springs, carried horizontal feeding apron held position third 
roller. Power for operating the machine was furnished 
connected electric motor. When the trial began, there were few 
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flies buzzing about the room, but within min. after garbage was Mr. Fether- 
on. 


started through the press, the place literally swarmed with flies; evi- 
dently the good news the delicate odor reached far and wide; flies 
clung the slimy, dripping rolls, and refused let go; some were 
squeezed death either because they were stuck fast preferred 
risk their lives rather than lose the feast. result this experi- 
ment, which caused obnoxious smells about the plant and only macerated 
the garbage which still clung the rolls, the writer became con- 
vineed squeezing water from raw garbage mechanical 
means least under the conditions the trial. 
mechanical treatment garbage should appear necessary desir- 
able, would seem better adopt the full reduction process, where 
some by-products would obtained offset the cost the method. 

incinerator the type suggested Mr. Venable, which 
garbage, ashes and rubbish would burned separately, known 
the writer. Such estimates, data, and actual trials have been made 
for conditions Richmond Borough lead the conclusion that mixed 
refuse destruction will prove not only more sanitary than separate 
disposal ashes, garbage, and rubbish, but may also prove more 
economical the collection and disposal the wastes. Certainly 
the householder will pleased have only one receptacle instead 
two, and the garbage-can, which such source annoyance, par- 
ticularly hot weather, may discarded. Garbage will mixed 
with ashes, and decomposition will arrested, great extent, 
the absorption moisture the fine ash. Collection wagons for the 
removal mixed refuse should much less offensive while the 
streets than garbage carts. All the advantages collection and dis- 
posal seemed favor mixed refuse destruction the problem under 
consideration. For other cities, however, the conditions undoubtedly 
will vary, and each particular case must considered its own 
merits engineering problem. believed that there are hardly 
sufficient reliable data available the present time regarding sanitary 
efficiencies and costs collection and disposal refuse upon which 
base broad conclusions. Generalizations founded upon inadequate 
premises are more apt harm than good bettering present 
methods. 

will interest value have the method gas analysis 
suggested Mr. Cary compared with calorimeter tests refuse 
actual trial destructor. complete gas analysis, with samples 
taken frequent intervals during the test, may prove satisfactory 
power the material burned, though whether 
exact heat balance possible may well doubted. Mr. Welton’s 
comparisons the variations fuel values the combustible 
coal and refuse suggestive this respect, and his summary 
Table indicates that the power refuse may deter- 
mined calorimeter with almost the same degree accuracy 


440 DISCUSSION MUNICIPAL REFUSE DISPOSAL 


Mr. obtained tests coal. The chemical analyses, and the computed 
heat values therefrom, further strengthen this contention, and provide 
additional information concerning the composition refuse. The de- 
tails the laboratory tests, brought out Mr. Welton’s discussion, 
serve useful purpose supplementing and amplifying the statements 
the paper, and provide information which defines the limits the 
application the experimental data. 

reasonably high temperature necessary burning refuse, 
that the formation and escape obnoxious gases may prevented. 
The writer certainly did not intend fix the minimum desirable 
Mr. Cary’s discussion. The limit below which the temperature the 
gases the combustion chamber furnace should not fall was 
placed 1250° fahr. Mr. Foster has shown that higher temperatures 
than fahr. are undesirable, and the writer’s observations confirm 
his statements. 

might possible combine the suggestions Mr. Green and 
Mr. Foster utilizing the power from refuse for heating houses 
winter and making ice summer. the United 
States, however, have not yet approved municipal trading this 
extent competition with private ownership. Many uses can made 
the steam power resulting from the burning refuse, but legal 
restrictions and public opinion may prevent officials from selling the by- 
products the best advantage. The power from refuse might well 
utilized decreasing the cost collecting the wastes, using elec- 
tric trucks driven storage batteries charged the destructor, pro- 
vided this proves economical. This proposed method collection 
would not interfere with private ownership, nor would hampered 
legal restrictions. The possible decrease the cost refuse de- 
struction the utilization the power produced will undoubtedly 
determined local conditions any case. 

Where the reduction system operation, among the larger cities 
the United States, Mr. Koyl’s proposal recover the coal found 
ashes certainly worthy attention, and hoped that ma- 
chine for this purpose may constructed and operated, order that 
the economy the process can determined. 

Mr. Tribus has called attention the transmission disease 
the common house fly—“The fly that doesn’t wipe its feet.” seems 
odd that this insect, which breeds filth, preferably horse manure, and 
all sorts germs about its legs and body, should have been 
neglected long, because its power for conveying disease evi- 
dent. quite possible the future that American methods 
refuse disposal will greatly influenced further investigations 
cerning flies and the transmission disease. 

Attention called Mr. Cole private plant Chicago pro- 
ducing power and revenue from selected wastes similar rubbish. 
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Incinerators for burning municipal rubbish are operated New York, Mr. Fether- 


Boston, Buffalo and Brooklyn. Delancey Street, Borough Man- 
hattan, power resulting from the burning rubbish was used for 
time lighting the Williamsburg Bridge, but this use, the writer 
understands, was discontinued short time ago. hardly believed 
that such installations the one mentioned Mr. Cole will interfere 
seriously with furnaces burning mixed refuse, manufacturing 
waste the character noted not usually removed and disposed 
public expense. 

The valuable discussion Mr. Hering considers among other 
factors the effect fine anthracite ash the destruction fire 
mixed wastes, and this matter will receive attention the practical 
operation the West New Brighton destructor. Mr. Hering also con- 
siders that the removal moisture from garbage would better done 
outside the furnace, other conditions are equal. question- 
able, however, whether more sanitary and economical try 
remove moisture special devices than evaporate the water 
the furnace. 

does not appear the writer that the presence moisture 
summer garbage the moisture carried steam jets used for forced 
draft can any means help the temperature furnace, sug- 
gested Mr. Hering. The presence moisture any form tends 
lower temperatures. The dissociation water into the so-called 
water gas initially cooling process, and whatever gain may ob- 
tained, the recombination the hydrogen and oxygen later the 
process, will hardly result net gain furnace temperature. This 
matter the formation water gas has been the subject much 
discussion Great Britain connection with refuse destruction. 

The problem refuse disposal wholly one engineering, and 
not matter handled boards health city councils. This 
view has been held Mr. Hering for number years, and un- 
doubtedly fair way realized. 

Analysis the faults the design garbage crematories Mr. 
Leask should prove value engineers interested the construction 
furnaces. Undoubtedly, many the American crematories were 
crude design; however, the cremation garbage alone very 
different problem from the burning mixed refuse, and allowances 
should made when principles design are compared. 

Mr. Leask’s criticism the figures Table may well ap- 
plied good portion the published information concerning the 
composition refuse. but few cases are the limits the data 
defined, statements made the basis upon which the information 
was obtained. Empirical formulas are often over-worked engineer- 
ing computations, and the components refuse many cases have 
been manhandled out all resemblance the original material, 
the attempt make much out little. The data from Torquay 
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Table would appear inverted, suggested Mr. Leask, but 


the figures agree with those quoted Mr. Goodrich his book the 
“Disposal Towns Refuse.” 

rule, writers city waste disposal have been the opinion 
that American refuse contains more moisture than British refuse. 
The writer’s opinion, based personal examinations refuse the 
destructors noted Table 10, was contrary this belief, when 
British material was compared with the refuse Richmond Borough. 
Mr. Leask’s corroboration the writer’s statements adds weight 
the opinion expressed, though distinction has been noted regarding 
the character the moisture. British refuse contains water due 
moist climate, while most the moisture local refuse contained 
the garbage. further interest this regard notice the 
large proportion garbage the analysis refuse Stoke Newing- 
ten and Kings Norton, England. reliable comparisons could 
made between the composition refuse from different cities, suitable 
methods disposal would more certain success, though, Mr. 
Leask has pointed out, “such data must used with the discrimina- 
tion born experience.” 

The writer appreciates the position which Mr. Fisher, 
Rochester, found himself after reviewing the available data refuse 
disposal, and the determination adopt the reduction system would 
seem have been the wisest course under the circumstances. 

Engineers who are interested the burning rubbish will find 
Mr. Stearn’s discussion most significant, and the figures submitted 
should greatly assist better understanding the difficulties 
surmounted the disposal fire this class waste. 

Paddington rather exception the general practice Great 
Britain, destroying refuse fire. Apparently, local peculiarities 
govern this case, and Mr. Newton’s contribution more than 
ordinary interest proving that there best 
method refuse disposal applicable all conditions. 

The cost figures for the Westmount destructor would prove 
greater comparative value given more detail Colonel Morse, 
rates wages vary different localities, and the apportionment 
credits combined destructor and electrical power installations 
(as the case Westmount) often based upon arbitrary agree- 
ments rather than actual benefits derived from burning the refuse. 
The net operating costs and the fixed charges Westmount would 
seem much lower than for Stoke-upon-Trent, England, where 
wages are only about one-half, and where the destruetor furnishes all 
the power for the adjoining electrical station. 

The writer pleased with the interest made evident the valu- 
able discussions the paper, and hopes that results practical im- 
port the destruction refuse fire may developed from the 
data submitted. 
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THE REINFORCED CONCRETE WORK THE 
McGRAW BUILDING.* 


Burr. 


The McGraw Buildingt true reinforced concrete structure—the 
latest type buildings that general class. the north side 
West Thirty-ninth Street, between Seventh and Eighth Avenues, 
the City New York, that district which has already felt the 
stimulating influence the new Pennsylvania Railroad Station 
process construction half dozen blocks the south. This part 
the city undoubtedly destined become great business center, 
where substantial buildings the highest type will required or- 
der meet the demands the development that vicinity. 

The building has frontage 126.3 ft. Thirty-ninth Street, 
and depth ft. has eleven stories, and penthouse, roof 
structure, nearly equivalent another floor. The height the roof 
145 ft. above the ground floor, nearly 150 ft. above the street, or, 
finally, 159 ft. in. above the basement floor. While, therefore, 


* Presented at the meeting of November 20th, 1907. 


+ Messrs. Radcliffe and Kelly were the architects of this building, with whom the writer 
was associated in the work covered by this paper. 
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far from ranking among the tallest sky-scrapers the city, 
classed among the high business buildings Manhattan Island. Its 
height much greater than has heretofore been considered practicable 
for purely reinforced concrete building, e., concrete building 
without iron steel columns. 

has been constructed for the McGraw Realty Company primarily 
accommodate the business the McGraw Publishing Company, 
whose publications include The Engineering Record, Electrical World, 
Street Railway Journal and the Electro-Chemical ard Metallurgical 
Industries. the same time, was designed accommodate not only 
the printing presses the McGraw Publishing Company, but any 
other similar business requiring the operation heavy machinery 
the storage heavy goods bulk. was imperatively necessary, 
therefore, that the building should designed and built afford 
the greatest possible resistance the vibration heavy machinery, 
and possess unusual degree both rigidity and durability. 
also fire-proof such extent that the McGraw Realty Company 
may reasonably its own insurer. While the building admirably 
adapted office use, its lower floors, particularly, are thus capable 
affording provision for those business purposes which require heavy 
and substantial construction. 

Like most other portions that part the city north Four- 
teenth Street, the rock originally the site the building was close 
the surface. The excavations for the foundation were not carried 
deeper than about ft. below the street surface, and there the entire 
foundation was placed upon the gneiss which forms the ledge bed- 
rock. There were real foundation problems solved. The 
columns supporting the building, and the retaining area walls 
around the basement, were all founded upon the same ledge, under the 
requirements the Building Code the City New York. 

order meet the exacting requirements for the unusually sub- 
stantial structure required the McGraw Publishing Company, 
was decided design the building for live load 250 per sq. ft. 
for the first and second floors, 200 lb. per sq. ft. for the third floor, 
150 per sq. ft. for the fourth floor and 125 per sq. ft. for all the 
other floors above the fourth, and with live load per sq. ft. 
for the roof. All parts the floor beams and girders, therefore, and 
the columns, were designed sustain, under the requirements the 
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Building Code, the actual weight the structure and the live loads 
specified above. 

Prior the submission this design, the Building Code the 
City New York had permitted working stress only 350 lb. per 
sq. in., for concrete direct compression, being practically as- 
sumed that all reinforced concrete columns would the Con- 
sidére type. Obviously, this regulation should prevail for eleven- 
story building, the size the columns the basement and lower 
stories would great trench too seriously upon the available 
space for machinery for other business purposes. was strongly 


desired secure all the material advantages accruing reinforced 
concrete structures, became necessary design such columns 
would much smaller cross-section than those the type 
heretofore prevailing. Two procedures were available: one was 


use substantial quantity steel the form ordinary 
steel column suitably designed for this purpose, and the other was 
use the concrete such way justify much larger working 
stress per square inch than that prescribed the Building Code. 
These requirements are met eminently satisfactory way the 
columns the type used. All columns throughout the building are 
composed interior filling concrete combined with steel angles 
latticed the ordinary manner built steel columns. The interior 
columns and most those the exterior walls are built with four 
angles, with the usual riveted lattice lacing bars the four sides 
each column. the case number the exterior columns 
was necessary, for the attainment unavoidable structural ends, 
use column elongated cross-section with eight steel angles the 
same general type those the interior, which, with the concrete 
filling, form column two cells, speak, rather than one. The 
plans accompanying this paper (Plates LIII LVI) show fully 
and clearly this arrangement the combined concrete with steel 
angles and lacing bars. all cases the steel angles, with the corners 
the angles turned out, were spaced far apart the extreme outer 
dimensions the completed column would permit. 

accordance with the requirements the Building Code, there 
thickness in. concrete outside the steel angles. This 
2-in. shield concrete assumed carry load whatever; its func- 
tion simply that fire-proofing, protect the steel against 
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the immediate heat flames any fire that may start the combustible 
materials any time stored the building, conflagration 
adjoining building. The concrete within the exterior dimensions 
outline the steel angles available for carrying compressive 
column load. completely embraced surrounded the 
steel angles and lacing bars, steel “banded” the most effective 
manner possible. Its enclosure the steelwork the column 
rigid, manifestly, that lateral strains under column loads must 
greatly reduced—in fact, nearly prevented—within any ordinary limits 
loading. Such concrete, therefore, largely prevented from the 
usual yielding that material under compression, and its compres- 
carrying capacity increased. This not only obvious from the 
condition the concrete these columns, but that view confirmed 
the comparatively few results tests concrete columns this 
character. When, therefore, the plans these columns were sub- 
mitted the Bureau Buildings the City New York for ex- 
amination and final approval, special regulation was made permitting 
the concrete carry maximum working load 750 lb. per sq. in. 
within the exterior limits the steel angles, the exterior in. con- 
crete, stated previously, being considered simply fire-protecting 
shield. This increased permissible load upon the concrete coupled 


with the further provision that the cross-section the steel any: 


column any floor shall sufficient carry the entire dead load 
above that section without stressing the steel more than 16000 lb. 
per sq. in. 

The use the steel, load-supporting condition, long column 
independent the concrete, and the same time forming rigid 
banding member for the latter, with the consequent increase per- 
missible working load the concrete, reduced the size the columns 
the basement and lower stories dimensions quite consistent with 
the desired convenient and economical the clear floor space. 
Columns this general type combine with their high carrying 
capacity great convenience erection, for their steel sections may 
erected ahead the concrete work and afford convenient supporting 
members for the adjoining forms for other erection work. The 
lacing bars, rivet heads, and other projecting column details act posi- 
tively creating firm and complete hold bond between the steel- 
work each column and the concrete enclosed within it. This fea- 
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ture these columns compels the steel and the enclosed concrete 
act unit, and this action enhanced placing all the lacing 
bars one direction inside the steel angles, the other set being placed 
outside, shown the plans. 

The Building Code requires the ratio between the moduli 
ticity for the steel and concrete taken 12. Hence, the per- 
missible compressive working stress the concrete was taken 750 
Ib. per sq. in., the corresponding working stress the steel would 
000 Ib. per sq. in. 

The largest columns (in the basement) have exterior dimensions 
in., but, the eleventh story, the exterior dimensions are 
reduced in. These columns were built sections 
length equal the combined height two stories, e., ft. The 
extra metal involved this procedure was too small practical 
consequence, and the expense half the joints, change section 
had been made every floor, was saved. Much time was also gained 
the erection the steelwork. The abutting ends the column 
sections were faced, and the joints were made suitable splice-plates. 
Where there was change the exterior dimensions the steelwork, 
full-strength splices were made riveting suitable short-angle sections 
the interior the splice-plates the lower part the joint. These 
details are also shown the plans. 

The ratio the area steel section that the concrete for 
the various columns varied from 10% the basement, where the steel 
about 57% the total load, 34% the ninth floor, where 
80% the total load carried the steel. The requirements the 
Building Code for design this type raises the percentage steel 
much higher values than ordinary concrete-steel work. 

Table shows the number and sizes steel angles used throughout 
the main columns the building. 

The design the floors, general, quite similar that usually 
found buildings this class, although there are certain important 
details which not come under that observation. the plans in- 
dicate, the spacing the columns such generally divide each 
floor into panels 21-ft. in. ft. in. between centers columns, 
the clear span the main girders between columns being ft. 


less the width diameter the column section. The clear span 
the floor beams between the main girders ft. in., less the width 


| 
=, 
| 
ig 
} 
| 
{ 


REINFORCED CONCRETE BUILDING 


448 


TABLE 


THE McGRAW BUILDING. 
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these girders. These prevailing lengths spans the beams and 
girders were modified few points each floor accommodate 
such features construction details floor space stairways, 
elevator shafts, and similar details. 

the plans indicate, all floor-girder and beam reinforcement was 
round steel rods, sizes running generally from in. in. 
diameter. These rods were grouped one plane the tension side 
each beam girder. rule, every alternate rod was bent upward 
the end each span rise within about in. the top 
the concrete, from which point continues through either the main 
girder the adjoining column, the case may be, into the adjoining 
span well toward the quarter point the latter. these means, 
true continuity beams and girders was secured every case. 
addition this, the end each rod was bent down, forming right- 
angled turn, with arm from in. long, thus insuring rigid 
bond connection with the concrete. This main detail, formed 
the rods through the girders and columns, important 
feature securing continuity and rigidity the general construc- 
tion the building. believed one the most important 
details the best design reinforced concrete building construc- 
tion, and should secured either the manner adopted this 
building some other procedure least equal excellence. 

The proper spacing these reinforcing rods was secured suit- 
able supporting details throughout the length the beams and girders 
themselves and notches cut angle-brackets riveted the columns 
where they joined the latter members. the columns, rigidity 
connection was secured bolting clamps through the angle-brackets 
just named and jamming the rods tightening the nuts against those 
brackets. This secured exceedingly strong metal connection between 
the reinforcing rods and the steel columns, aside from the further 
rigidity produced the concrete mass the intersecting columns, 
beams, and girders. These details, shown the plans, were designed 
with care for the purpose securing the strongest possible steel con- 
nections between the beams girders and the columns, being one 
the main purposes attain rigid continuity between floors and 
columns, and floors and outside walls. believed that unusual 
stiffness and strength have been given this building these means. 

All beam and girder computations required the floor designs 
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were made accordance with the provisions the Building Code 
the City New York, the usual common theory flexure formulas 
for concrete-steel beams being used. While the parabolic law 
variation intensity stress concrete beams results trifling 
economy material, less rational and simple than the usual 
straight-line law variation, and the latter more nearly accurate. 

The Building Code New York does not permit the condition 
perfect continuity beams govern the design reinforced con- 
crete floor beams and girders. permitted, however, consider 
the maximum bending moment such beams, when uniformly loaded 
from end end, the total load multiplied one-tenth the span, 
rather than one-eighth the span, would taken were the beams 
simply supported each end. This widely-used method for 
continuity, favor which much can said. extremely 
doubtful whether perfect continuity attained any case, but 
certain that material advantage secured over the condition 
beam simply supported each end. The one-tenth rule, may 

Another condition insisted upon the design this building was 
metallic provision for taking the end shears beams and girders. 
referring the plans, there will observed inclined portions the 
round steel reinforcing rods which attention has already been called. 
every case there sufficient steel these inclined portions 
rods take the total end shears multiplied the secant the in- 
clination rods vertical line without stressing the steel unsafe 
extent. While the tension the steel produced this manner, ignor- 
ing entirely the shearing resistance the concrete, higher than 
would normally prescribed, far below the elastic limit, and 
forms safe provision for the entire end shear case any exigency 
should arise producing such break the concrete practically 
destroy its capacity for shearing resistance. addition this con- 
dition, there sufficient concrete also the ends beam and girder 
spans carry the shear intensity lb. per sq. in. concrete 
section permitted the New York Building Code. This, also, 
has been considered one the essential details concrete-steel 
building designed for heavy and otherwise fatiguing service. 

The floor slabs spanning the spaces between the floor beams are 
in. thick the lower floors, carrying the heaviest loads, and in. 
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thick all the higher floors. Their reinforcements are and §-in. 
rods, long enough extend over number panels spans 
make these also continuous. Their general design similar that 
the floor beams and girders. the distance apart the centers 
the floor beams about ft. in., the clear span these floor 
slabs varies from about ft. little more than ft. in., accord- 
ing the thickness the adjoining floor beams either side the 


span. 

The proper design the wooden forms moulds for concrete- 
steel building, order secure expeditious and economical work, 
the most difficult part the entire undertaking, and the principal 
improvements made are those which pertain perfecting 
proper system construction the forms and their ready handling. 
The quantity lumber required them, and the carpentry work 
necessary making repairs consequent upon their use and re-use for 
successive floors, and their supports, constitute far larger items 
cost than might first supposed. these costs are re- 
duced, they must for heavy concrete-steel construction the 
best class, the principal study the engineer must directed this 
particular part his work. While these ends may not be, and probably 
have not been, completely attained this instance, the system 
forms used gave excellent results the quality the concrete pro- 
duced, and led reasonable economy and efficiency. The weight 
concrete and the relatively large quantities used such individual 
members beams, girders, and columns make heavy forms imperative 
and substantial support necessary. 

The details the timber forms for the floor beams and girders 
where they meet the column forms require especial attention. proper 
design the parts where the floors and columns join will result 
great economy the details the forms. the shapes the ex- 
terior surfaces the concrete are complicated and require careful 
fittings the column and floor forms, expensive carpentry work will 
required wherever column pierces floor, whereas simply shaped 
concrete surfaces will eliminate that work and greatly expedite the 

construction. Similarly, highly desirable that there shall 
few changes possible the exterior dimensions the columns. 
exterior column dimensions could retained unchanged from 
basement roof, would make possible complete uniformity the 
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details column and floor forms throughout the entire building, 
eliminating great amount fitting and carpentry work otherwise 
unavoidable. 

obvious that essentially impossible retain uniform ex- 
terior column dimensions throughout the series floors from the 
bottom the top the building, but the most scrupulous care should 
exercised make these changes few possible and such 
way reduce the utmost extent changes details the forms. 

reference the plans will show that the floor forms between the 
beams consisted large shallow boxes with truncated corners between 
the sides and the bottom. They were placed bottom stable sup- 
ports and separated the thickness the adjoining floor beams 
the sides and the thickness the main floor girders their ends. 
The bottom the opening between the adjoining sides any two 
them was then suitably closed with planks boards, that, when the 
concrete was finally poured over their tops the thickness the floor 
slabs, the desired paneling those slabs between the beams and girders 
was secured. imperative, for expediting the work, well for 
economy, that these box forms for the floors shall constructed 
that they may removed readily after the concrete becomes 
ciently hard. secure this important result, such forms must 
readily collapsible both ends and sides, and, the same time, they 
must substantial enough hold the wet concrete without distor- 
tion, and well made that they may handled removing from one 
floor and replacing higher one without sensible damage. This 
constitutes one the most essential points the design these 
forms, which, this case, were collapsible, although perhaps not 
freely might desired. When the forms stick the concrete 
the process removal laborers use sledges and iron bars, driving the 
latter between the new concrete and the forms and making 
the former. This results seriously marring what might other- 
wise have been highly satisfactory concrete The same gen- 
eral observations apply the forms for the columns. Whenever the 
art reinforced concrete construction brought the high state 
excellence which must ultimately reach through proper design 
the forms, making their erection, support and removal expeditious 
and free, the labor bills for the work and the repairs the forms them- 
selves will greatly reduced give this class construction 
material economic advantage. 
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The length time which the forms should remain place sup- 
porting fresh concrete will depend the temperature, and hence 
the season well the character the work designed. clear 
that, with the substantial steel the columns this 
building, minimum time would sufficient for the column 
forms, but was not convenient remove the latter until the floor 
forms were also ready come down they were all kept place for 
least days. Three entire sets forms for floors and columns were 
made, that, while concrete was being poured for the uppermost 
floor being constructed, the two stories immediately below were still 
supported timber forms. The lowermost set forms was then 
taken down and placed above the freshly formed concrete last put 
place. this manner the forms could left place long enough 
satisfy the requirements even the winter season. 

The concrete work the building proper was begun in- the base- 
ment September, 1906, and the parapet walls the roof 
were completed April 15th, These dates show that the work 
was carried almost uninterruptedly throughout the winter. few 
the coldest and stormiest days the winter were sufficiently severe 
cause the work suspended for the day. When remem- 
bered that from the latter part January until the early part 
March the weather was phenomenally severe, demonstrated 
actual experience that reinforced concrete building work may con- 
ducted under proper conditions through New York winter without 
material interruption. 

After the completion the lower two three stories, when the 
organized force had become accustomed the character the work 
and the sequence operations required, the average rate progress, 
including the delays and occasional interruptions caused the winter 
weather, was about calendar days story. 

From the early part December the latter part March the 
window openings the story below the floor process construc- 
tion were closed with canvas, behind which, distributed over the en- 
tire floor, salamanders burning coke were constantly kept operation. 
These salamanders were some extent concentrated under the freshly 
poured concrete. these means entirely satisfactory temperatures 
could maintained, that the retarding influence the frost 
the setting the concrete was great extent eliminated, except for 
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the fact that occasionally the top surface the fresh concrete was 
frozen. The warmest air produced the salamanders would rise 
and remain the overhead cellular spaces the timber floor forms 
and act there with high degree efficiency. 

connection with the operation the salamanders below the 
fresh concrete, the top the latter, fast poured, was always pro- 
tected covering hay canvas, both. These protective 
measures were scrupulously throughout the winter, with en- 
tirely satisfactory results. Indeed, there was evidence found 
throughout the whole building show that any part the concrete 
whatever was affected injuriously the slightest extent the frost. 
During considerable portion the winter few salamanders were 
kept burning the second floor below the work progress. 

All the construction work the building was carried from 
high central temporary timber tower running from the basement 
height nearly ft. above the roof. This timber tower was ft. 
square, and built with 10-in. yellow pine spliced corner posts 
properly braced. Each 10-in. corner stick carried derrick 
boom ft. length. These derricks were first placed low down 
the tower, and then raised from time time elevations required 
the progress the work. The booms were long enough com- 
mand the entire area the work, and had sufficient swing reach 
pick material, including sections the steel columns, delivered 
the street front the building, and put its proper perma- 
nent place. The hoisting engines were placed the basement, and 
steel cables ran from them the derricks. 

was question first whether the cost this tower and derricks 
was justified the amount and character the work done, but 
they were found fully justified and well adapted their pur- 
pose. was probably economical and expeditious method 
could have been devised for handling the materials and serving the 
work. the building was carried up, the work within the limits 
the tower was completed, with the exception the points where the 
corner 10-in. sticks pierced the floors, where enough 
free room was left for the operating cables. After the concrete work 
was finished the tower was taken down through the succeeding floors 
the building, and the holes left for the corner posts were filled. 

There was nothing unusual about the character the materials 
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used throughout the building. The material and workmanship all 
the steelwork were supplied and manufactured under Cooper’s Speci- 
fications. The Portland cement used was the Dragon Brand, and 
was tested and under the standard specifications 
the Special the American Society Civil Engineers. 
The sand, broken stone, and gravel were supplied different parties 
about the City New York. Some the broken stone came from 
the north, down the Hudson River, and most the sand and gravel 
came from Long Island. Throughout the building proper, broken 
stone—trap rock and limestone—was used, with the exception con- 
siderable quantities gravel which pieces had greater maxi- 
mum diameter than about in. some the larger masses the 
retaining walls and other similar parts the foundation and base- 
ment the building, broken stone was used. 

The proportions the concrete for the entire building were: one 
cement, two sand, and four broken stone gravel volume. 
The consistency the concrete was very nearly quite wet enough 
that termed semi-liquid, that was truly “poured” into all 
forms for columns, walls and floors. Such consistency concrete 
imperative for reinforced concrete construction this class. 
enables the concrete form intimate and dense matrix around the 
steel reinforcement, and produces most excellent quality ma- 
terial. While the concrete was being poured, laborers with long thin 
sticks continually agitated the fresh concrete order release all 
air bubbles and insure dense and continuous product and the best 
possible bond with the embedded steel. There was sensible excess 
water the concrete, but was practically semi-liquid—too thin 
even quake. The results throughout the entire work, this re- 
spect, have proved the highest degree satisfactory. The total 
quantities the principal materials used were: 


3000 cu. yd. 


Steel latticed angle tons. 
Steel round reinforcing rods 507 tons. 
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SPECIFICATIONS FOR CEMENT AND CONCRETE FOR THE 


Cement.—All the cement used this structure shall true Port- 
land cement the quality prescribed the specifications the Com- 
mittee the American Society Civil Engineers. The tests re- 
quired establish the suitability the cement will accordance 
with those prescribed the American Society specifications. 

concrete shall composed cement, sand and 
broken stone, gravel, mixed with clean water. 

The sand may natural sand the finer product the stone 
crusher. shall clean, hard, and preferably varying sizes, 
reduce the volume voids. The gravel broken stone shall 
varying sizes, free from sensible amounts clay, loam, foreign 
matter. The largest pieces shall not exceed in. their largest 
dimension. 

All concrete shall thoroughly mixed work the cement 
uniformly through the entire mass. All particles sand, gravel, 
broken stone must completely coated with cement, and all the voids 
entirely filled. 

All concrete shall mixed machine mixer. The volume 
matrix and the aggregate with the requisite quantity water shall 
kept the mixer long enough produce the intimate admixture 
desired. The quantity water used shall sufficient make wet 
even semi-liquid concrete, that will readily run flow into all 
the small spaces filled around all classes steel reinforcement, 
whether the floors the columns. This concrete shall too 
wet ram, but, while being poured and immediately thereafter, 
must actively agitated long thin rods expel all en- 
trained air and produce continuous and intimate bond with the 
steel embedded it. 

All conerete for the building proper, e., above the foundations, 
shall composed such proportions cement, sand, and gravel, 
broken stone, will make perfectly solid mass, with little surplus 
cement over that required fill the voids. The proportions this 
mixture will equivalent volume cement, volumes sand, 
and volumes gravel, broken stone. 

these provisions for the concrete the intention take ad- 


vantage balanced sand, gravel, broken stone, e., 


ing sizes for the purpose decreasing the voids, and using less cement 
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secure the best results. will probably necessary, therefore, 
experiment with different proportions different sizes sand and 
gravel, broken stone, order ascertain the best mixture the 
available materials hand secure the desired ends. 

The largest pieces the aggregate, e., gravel, broken stone, 
for the building proper shall not exceed in. their greatest di- 
mension. For the retaining area walls around the basement the 
building, and foundation masses, the maximum size broken stone 
gravel the aggregate may in. 

The proportions the concrete for the retaining area walls and 
foundation masses shall volume cement, volumes sand, 
and volumes gravel, broken stone, the aggregate being balanced 
graded reduce minimum the voids filled with the 
cement. 
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DISCUSSION. 


Burr and the contractors who erected the McGraw Building are cer- 
tainly congratulated upon having designed and built structure 
reinforced concrete such unusual height. The fact that the 
building did not collapse during construction, and even getting 
stronger with age, ought encouragement enough for prospective 
builders who, perhaps, have become unduly prejudiced against build- 
ing material this class. 

seems important the writer, however, that the fact should 
brought out clearly—for prospective builders and for the Engineering 
Profession well—that the structural features the building were 
this statement intended claim for the Engineering Profession any 
credit which not due, place above either the others. 
simply intended point out the success attendant upon harmonious 
co-operation between these three distinct professions: the architectural, 
the engineering, and the contracting. 

The writer believes that only each keeping strictly his 
domain that the perfect can most closely approximated. true 
that the architect must know considerable about engineering, order 
that may design possibility, but cannot both architect and 
engineer, nowadays, and excel either. The engineer must know 
great deal about construction, order that may design economi- 
contracting firm should purely contracting firm, and not 
and engineering,” though such firm should employ com- 
petent engineers its service, but not for the purpose doing the 
work the consulting engineer. Even the cost-plus-a-fixed-sum 
system, where there should incentive “skin,” there the 
temptation, such firm does the designing, please the unsus- 
pecting owner providing design based too evidently cheapness 
rather than proper strength. 

the writer’s firm conviction that, had the McGraw Building 
not been designed independent, unbiased the success 
such undertaking would not have been assured. 

Professor Burr has brought out his paper many points rein- 
forced concrete design which are frequently overlooked. The most 
important point the study the design with view saving money 
duplication and simplicity form work. steel construction 
usually found more economical run one section column two 
three stories before making change. So, also, reinforced con- 
crete construction, especially design this type, where much 
the stress taken the steel, will found cheaper vary the 
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steel, and sometimes the mix, leaving the outside dimensions the Mr. Tucker. 


column unchanged for several stories. 

Uniformity, much possible, everywhere, even depth and 
width beams and girders, will usually result big saving 
labor. the other hand, irregularities produce what might called 
very large coefficient friction the carpenter’s mind, and his 
speed reduced remarkable degree. Simplicity and duplication 
the reinforcing will result usually large saving. The fewer 
bends the steel, and the more pieces that can conveniently made 
into unit, the better. has always seemed the writer that the 
bending floor rods not economical practice. hard hold 
the rods thus bent from tipping over, and especially with round rods, 
which are cheap; two layers rods, one the bottom the slab and 
one the top, both continuous, seem cheaper, especially for thin 
slabs and short spans. 

appears from the details Plate LVI that every other slab 
rod turned over the beams, thus giving only half much steel 
resist the negative bending over the beams the middle the 
span, where, the author had been calculating continuity, the 


moment less than this the correct interpretation the 


10° 
drawings, would seem that there either redundancy steel 
mid-span insufficiency over the beams. 

The writer doubt whether economical cast brackets 
under the ends the girders and beams connecting columns, 
brace against wind stresses, even high building, broad 
the one under discussion. deeper beam, there head room 
spare, would simplify the forms, and make them more easily adapted 
longer spans where the column section changes. When one sees 
steel-framed building ten eleven stories and only ft. 
from front back, braced against wind the ordinary web connec- 
tion supplemented 24-in. angle-lugs the top and bottom 
begins wonder why 30-in. reinforced concrete girder could not 
its column, far more stiffly and safely, few 
diagonal rods, and without the use expensive brackets. 

The removal column forms, even with the substantial steel rein- 
the columns the McGraw Building, should not 
reduced the “minimum time.” sure, the lower columns 
would not have nearly all their dead load, but column delicate 
thing, and really the backbone such structure. 

regard such work being conducted successfully, under proper 
through severe winter: The writer was connected 
professional way with number large reinforced concrete factory 
buildings for manufacturing concern Canada, last winter. Work 
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was being pushed, the contract time was urging the contractors 
complete the buildings. may not have been severe Canadian win- 
ter, but was far ahead any Boston winter the last two decades 
least. The floors the factory and shipping buildings were de- 
signed carry live load 250 the spring the architect tested 
the shipping building floor “which suffered the most frost, and 
sustained load sand and stone 450 Ib. per sq. ft. without any 
deflection.” probable that, through arch action the load, 
adjoining slab and beam action, the test did not show the actual 
strength the floor; but, even so, demonstrates the possibility 
combating cold climate successfully. 


paper the writer’s attention was called, often considering 
reinforced concrete designs, the apparent waste steel when used 
reinforcement for concrete-steel compression members. this par- 
ticular case, the writer refers the columns, which are heavily re- 
inforced. 

According the author, the lower columns contain 10% rein- 
forcement, which reinforcement carries 57% the total load; while, 
the ninth story, the reinforcement reduced 34%, carrying 
this point the total load. 

the basis the assumptions stated, namely, 750 lb. com- 
pression for concrete and ratio moduli 12, the steel the 
columns can only stressed 9000 plus some 
stress. 

Now, considering the lower columns with their 10% reinforcement, 
assuming the cross-section the concrete 625 in., less about 
sq. in. for the steel, found that the concrete the columns 
total load approximately 569 750 and 
the steel, having cross-section in., carries total stress 
504 000 making the total load these columns 930 750 

If, for this concrete-steel column, ordinary steel column should 
substituted, would only require 58.2 sq. in. steel. were 
possible, the concrete-steel columns, stress the steel 000 
only 31.5 sq. in. would required, instead 
56.2 sq. in., therefore, there waste 24.7 sq. in. steel, 83.9 Ib. 
per lin. ft., which steel would cost about $3.36 per lin. ft. 

the ninth story, this amount, the basis the foregoing, would 
reduced about Assuming average $1.95 per ft. 
for steel wasted account its low compressive stress, there would 
total loss the entire structure about (The writer, 
course, acknowledges that this additional steel additional 
factor safety, but the point that trying bring out is, that 
appears uneconomical way providing for factor safety.) 
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not the writer’s intention criticise the building question, Mr. Douglas. 
because realizes that the were such that was quite 
impossible have saved this steel, yet believes that many build- 
ings—and certain that many bridges—it possible stress 
the steel compression, both columns and girders, about 
16000 lb. designing the structure make the steel com- 
pression carry all nearly all stress due dead load, 
and believes that this may attained economically. 

concrete-steel bridge (girder), now under construction 
the District Columbia, may cited: account the limit- 
ing conditions, was necessary reinforce the compression chords 
this bridge with large percentage steel. the writer only 
stresses concrete work this class 450 could not calculate 
that the steel compression, under design the customary type, 
would carry more than lb. per sq. in. The reinforeement con- 
sisted two riveted trusses having depth about ft. The floor 
system also consisted reinforced concrete, the beams which were 
reinforced with built-up, steel sections, the full end shear 
the beams being developed the steel connections the floor 
beams and main girders. 

This type reinforcement was selected the writer for the fol- 
lowing reasons: its ease erection; the comparative certainty with 
which the stresses could the certainty having the steel 
located the actual construction accordance with the theoretical 
relation the concrete; positive anchorages could obtained for all 
members, particularly the connection the web members and 
the chords; the girders have small factor safety themselves; the 
forming work was simplified; the cost depositing concrete was pos- 
sibly decreased; and, because there was great saving the cross- 
section the steel compression members account the practi- 
cability stressing the steel compression approximately 

The forms for the entire structure are suspended from the 
girder and from the floor beams. The design contemplates the jacket- 
ing the floor system first, then the jacketing the large girder, 
which methods procedure the steel girder will made carry al- 
most the entire dead load, exclusive the paving. The live-load 
stresses the steel and the concrete will, course, distributed 
the basis the ratio moduli. 

regard the construction large girders for bridges, which 
are exposed the elements, thought that this method par- 
ticularly good one because the amount flexure the concrete-steel 
girder cut down minimum, therefore the possibility the 
formation incipient cracks the tension flange the concrete 
girder also cut down minimum. Whether not the formation 
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these tension cracks exposed girders matter import is, 
course, matter conjecture rather than fact. believed that 
this principle may applied many buildings without unnecessary 
delay, and without additional cost forming. 

second bridge, the writer going the columns 
last, after the entire superstructure above the columns has been com- 
pleted. this way, the steel which consists 
ordinary steel column, will made carry the entire dead load. 

Professor Burr, referring the concrete the columns, says: “As 
completely embraced surrounded the steel angles and lacing 
bars, steel ‘banded’ the most effective manner possible.” 

The writer rather inclined believe that the steel bands are 
not attached rigidly the vertical reinforcement, stronger column 
will attained. His reason for this that the concrete, setting 
up, shrinks, particularly where the day’s pour results long length 
column, and soupy concrete used, which almost universal 
practice. 

Now, thought that this shrinkage takes place after initial 
set, seems manifest the writer that detached bands would give 
better results. matter fact, seems probable that the con- 
crete adjacent the vertical reinforcement will injured more 
less, account this vertical shrinkage, but this cannot helped, 
and must occur even when plain round rods are used, unless they are 
mathematically straight. Therefore, appears the writer that, 
with the same cross-section steel and concrete, the ordinary star 
column, with detachable steel bands, would stronger. 


ing differs from the numerous purely reinforced concrete buildings 
which have been constructed all over the country principally the 
type the columns used. described the paper, these columns 
are built steel angles, laced all four sides and filled with con- 
crete, and have been proportioned the assumption, not only that both 
materials carry the loads jointly, but, furthermore, that through the 
lateral support afforded the steelwork, the strength the concrete 
increased such extent that unit pressure 750 per sq. in. 
—more than twice the pressure per square inch allowed the Build- 
ing Department the City New York reinforced concrete 
columns—was deemed The unit pressure the steel was 
then determined the ratio the moduli elasticity 
the two materials (1:12). Such unit stresses the 
mitted height eleven stories for the McGraw Building, with 
reasonable sizes for the columns, even the lower stories and base- 
ment. 

Now, clear that these assumptions were correct, that is, 
the two materials which the columns are composed were act 
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unit, with the additional advantage greatly increased carrying Gayler. 


capacity the concrete, the superiority such columns over the re- 
inforced concrete column, regard reduced areas cross-section, 
and safety, and over the steel column regard economy, would 
great that buildings constructed the same plan, and great 
height, would soon generally built and become strong competitors 
the steel sky-scraper. But, are thé claims for these combination 
columns justified? Not once this paper there mentioned the fact 
that concrete, drying air, shrinks. Waiving the question 
relative changes the dimensions the concrete and the steel 
under changes temperature, the relative compressibility the 
two materials under loading, the thoroughly established fact the 
contraction concrete the process hardening and drying re- 
mains. The phenomenal increase the use concrete for engineer- 
ing works during the last ten years could not have taken place unless 
full account had been taken this important quality concrete. 
The exact amount this shrinkage unknown, but that the changes 
the volume concrete are considerable; probably greater than those 
under subsequent changes temperature, just sure that 
corresponding reduction the size and length the steel column, 
put the building ready receive the wet concrete, will take 
place. amount care taken pouring and stirring will alter 
this inherent characteristic all used above ground. 

Thus, the McGraw Building, there are composite columns, about 
150 ft. long, varying cross-section, consisting outer shell 
steel and filled with material which, any engineer who has had 
any experience with concrete knows, will certain unknown distances 
develop shrinkage cracks. That the surface contact between the steel 
and the embedded concrete will have influence the manner 
shrinkage, and therefore the frequency and position these cracks, 
true, but suppose that the latter are obviated through this con- 
tact equivalent assuming that the steel plates, angles, and rivet 
heads will, through their mere contact, stretch the enclosed concrete, 
uniformly, throughout the aggregate height the eleven stories 
the building. would bold position maintain, the more 
because the contact between the steel and the concrete not all 
uniform: Throughout the greater part the length the columns 
the concrete confined angles and lace bars, with the rivet heads 
spaced some distance apart, while the joints the steel columns 
and, some extent, the points lateral connections, solidly 
enclosed angles and plates with closely spaced rivet heads. 

consider the influence the inner surface the rigid steel 
columns the McGraw Building the enclosed concrete, far 
shrinkage the latter material concerned, equal to, even greater 
than, the effect shrinkage rods the ordinary reinforced concrete 
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work, fallacy, because the shrinkage rod, owing its light cross- 
section, partakes some extent the deformations the concrete, 
and, owing its position inside the mass the concrete, able 
take the stresses induced the changes form the concrete, 
neither which conditions fulfilled the steel shell. de- 
formations the concrete here meant not only the reduction 
length, but also reduction cross-section the process drying. 
The writer considers anything but extravagant statement say 
that, places, the concrete after hardening will not cling all the 
four inner sides the steel column. 

assume that the concrete contracts such manner that 
forms monolithic column, high the building, and bearing 
the foundations the basement; other words, that the mode 
vertical contraction the concrete takes place there were 
with the steel all is, course, out the question, and could 
not maintained the designers this building for one moment, 
the paper great stress laid the “firm and complete hold 
bond between the steelwork each column and the concrete enclosed 
within it.” The lace bars have been specially arranged coun- 
teract such independent movement the concrete much possible. 

The above stated considerations have led the writer the follow- 
ing conclusions: 

McGraw Building reinforced concrete structure with 
composite columns, the carrying capacity which columns consists 
the steel. 

2.—The concrete filling the columns excellent provision for 
the prevention rust, highly advantageous, together with the concrete 
casing the columns, case fire, besides affording some ad- 
ditional rigidity the latticed portion the columns. 

3.—The wise provision, insisted the Bureau Buildings 
the City New York, “that the cross-section the steel any 
column any floor shall sufficient carry the entire dead load 
above that section without stressing the steel more than 16000 lb. 
per sq. in.,” is, view the great weight the building, guaranty 
for the reasonable safety the McGraw Building. 


columns built four steel angles, latticed diagonally, and the interior 
filled with concrete: The writer cannot agree with the author’s claim 
that “the concrete ‘banded’ the most effective manner possible.” 
fact, believes obvious that the steel members this 
column, built, cannot possibly retard the lateral swelling the con- 
crete due the compressive load upon it. 

Assuming approximately correct for the ratio between the 
moduli elasticity for steel-and concrete, and also assuming that each 
the materials will take its computed share the load, there will 
equal shortening both the and steel angles. 
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Now, well known that the transverse expansion concrete 
under compression very much less than the longitudinal shortening. 
Under working stress 750 per sq. in., the former probably not 
greater than 20% the latter. With the lattice bars set angle 
30° from the horizontal, the steel angles shorten under compres- 
sion, these lattice bars, with their rivets acting pivots, will force the 
angles apart, and the transverse expansion the steel members will 
much greater than the concrete, under which condition must 
obvious that the steel cannot band restrain the concrete and thereby 
increase its power resistance. addition this, would ex- 
pected that the bond adhesion between the steel and concrete would 
destroyed. 

the steel angles had been connected horizontal bars bat- 
tens, much more column would have been obtained; would 
still, however, far fro.n “banded” the most effective manner pos- 
sible, since the thin straight bars, spaced considerable distances 
apart, would not present material resistance the lateral swelling 
the concrete. 

The column shown the author cannot properly called rein- 
forced-concrete column, but should termed composite concrete and 
steel column, having strength direct compression equal the 
sum the resistance offered the steel and the concrete, using 
the ratio between the moduli elasticity the concrete and the 
steel, required the New York Building Code. Since, however, 
the concrete was placed the work semi-liquid state, there would 
considerable shrinkage during the setting and hardening period, 
which would most probably produce corresponding initial compressive 
stress the steel and tensile stress the concrete, and this would 
materially increase the load the steel and reduce the load the 
concrete, and most probably cause the load ratio become nearer 
than 12. 

The writer fully believes that reinforced concrete, structural 
material, particularly well adapted for such buildings the one 
under discussion, and does not contend that the column, built, 
and under working stresses 750 lb. for unreinforced concrete, 
and lb. per sq. in. for steel, unsafe one; fact, believes 
have ample factor safety, but contends that the assump- 
tions which based are theoretically untenable, and are entirely 
variance with all reliable information thus far obtained from tests. 

The compressive member, column, probably the most difficult 
problem with which one has deal, the majority structures, and 
may not out place venture the opinion that, the 
present time, the only rational reinforced-concrete column produced, 
which the stresses are capable being analyzed and closely cal- 
culated, and the one which gives the highest efficiency for the materials 
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used, that type which the concrete used direct compression 
and the steel tension only, designed resist the lateral expansion 
the concrete, thereby greatly increasing its power resistance 
under compressive loads. 

The tests conducted Considére very fully proved the efficiency 
this type column, when properly designed and built. Subsequent 
tests conducted Talbot, Am. have broadly con- 
firmed the results obtained Considére. Professor Talbot’s tests, 
however, appear indicate that the hooping remains inactive until 
considerable load has been applied the column, but believed 
that this entirely due the lateral shrinkage the concrete, owing 
insufficient water being attained, during the hardening period, 
insure full crystallization. 

true that many irrational designs columns this type have 
been produced and used; notably, those having considerable per- 
centage longitudinal rods, with hoops bands spaced too great 
distances apart prevent the lateral swelling the concrete, with the 
consequent deflection the rods and very high stresses the bands, 
those having spirals wound too great pitch, which 
diameter with the shortening the column, and also leave the con- 
crete free swell between the hoops. The hooped column, however, 
gradually becoming better understood, and being studied many 
able engineers, and one may look forward material improvement 
the future. 


speaker had occasion observe the condition stress reinforcing 
steel bars concrete. constructing battery high-power guns 
Charleston, the ceilings the rooms had “Johnson” corru- 
gated bars placed the concrete, about in. above the surface. The 
thickness concrete from the ceiling the top was about ft., but 
height about ft. above the ceiling water-proofing layer 
asphalt was placed separating the concrete above from 
The span, the direction the reinforcing bars, was about ft. 
Bars were placed sufficient size, and proper distance take 
all the tension, with the 2-ft. thickness concrete acting set 
beams ft. length. The bars were computed stressed 
tension 16000 per sq. in. 

few months after this concrete had been finished, became neces- 
sary cut recess the ceiling depth about in. beyond 
the bars and about ft. long direction their 
length. When the concrete was cut from around the bars they sprang 
out line, showing that they were compression instead ten- 
sion. the speaker’s opinion, the only way explain this that 
the concrete setting had shrunk sufficiently put considerable 
compressive stress the steel. The concrete the lower part the 
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beam, therefore, was taking all the tension, and the steel could take Mr. Smith. 
none until the tension the concrete became sufficient cause 

stretch the position when constructed. When this 

point reached the steel begins take the tension, and con- 

stantly increasing ratio the concrete begins develop fine hair-like 

cracks gradually upward from the bottom. The depth 

concrete was very great proportion the span, this case, there- 

fore the proportion steel was very small. The concrete the 

tension side the beam was not stressed very high carrying the 

load, without considering the steel. 

This the only instance the speaker’s knowledge where con- 
has been cut from around reinforcing bars and thereby chance 
given observe the condition stress the bars. glad, there- 
fore, this opportunity bring the attention engineers. 

view the foregoing facts, seems the speaker that 
somewhat risky construct long columns, the Build- 
ing, with large percentage steel, and expect the concrete take 
any portion the load the foundation. the speaker’s opinion, 
the concrete, being prevented from contracting longitudinally the 
steel, will tension although may show appreciable cracks, 
and cannot, therefore, relied take its due proportion the 
load the foundation. the hooped column, only enough longi- 
tudinal reinforcement placed hold the hoops position during 
construction, the concrete free contract setting and, therefore, 
not the same condition stress. 

The speaker believes that the fact mentioned Mr. Goodrich, 
the shrinkage the concrete the center columns, reinforced 
these are, goes prove that the steel reinforcement does prevent the 
shrinkage the concrete during setting and leaves condition 
tension. 


writer has always been the opinion that insufficient consideration 
has been given the question the proper division the total 
bending moment into the positive moment, provided for the center 
the span, and the negative moment, provided for over the points 

support. Every question, connected with the moment resistance 
concrete beam, has been discussed until there practicable agree- 
ment the actual conditions prevailing, and the only discrepancies 
any moment are those arising from the fact that certain engineers, 
their desire for simplicity, knowingly, prefer ignore various 
phases the matter. far larger percentage variation the 
practice different engineers accounted for the variation the 
division between the positive and negative bending moments than any 
other single consideration. fact, this matter has come the point 
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where practice now being crystallized the adoption building 
laws various cities almost without any general engineering dis- 
the question. 

Obviously, with uniform load distributed over several adjoining 
spans, there are number ways which the total bending moment 
may met. The system whole may regarded series 
simple beams, reinforced entirely the bottom. may also re- 
garded series balanced cantilevers, extending out each side 
from each point support, and meeting the center the span, 
the reinforcement this case being entirely the top the beam. 
varying the quantity steel the bottom and top the beam, 
may divided combination these two systems, with 
points contraflexure located arbitrarily the option the engineer. 

That this last statement true, may seen readily moment’s 
consideration. The point contraflexure the first case—that 
series simple beams—is directly over the point support for 
each the two adjoining spans. There is, this case, curve 
convex upward, and cusp occurs the point support. This, 
course, means that when fully loaded, crack may expected there. 
the second case—that series cantilevers—exactly the reverse 
takes place. There curve concave upward. The points the 
contraflexure are concentrated the center the span, forming 
and, under fully-loaded conditions, crack will occur the 
bottom the beam this point. 

Now, removing portion the negative reinforcement over 
the points supports, these two superimposed points contraflexure 
will drawn apart and will approach the columns, and positive rein- 
forcement will required the center the span, order give 
the beam action over the interval between these points. Just how 
much positive reinforcement needed will depend the remaining 
amount negative reinforcement. 

well known, wherever the system continuous beams ex- 
tends indefinitely either direction, the negative bending moment 
represented the formula, 
This condition, however, only takes place when both the 


and the positive bending moment 


negative and positive bending moments are adequately met 
moments resistance, and then only when the unit stresses 
the material furnishing this amount resistance are the same the 
center span and the points support. conditions vary from this, 
say decreasing the moment resistance over the point support, 
thus bringing the point contraflexure toward the ends the clear 
spans, the curvature over the point support increased, and con- 
sequently the unit stresses this point are increased. 
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Only one condition theoretically imposed for the division Mr. 
bending moment between positive and negative points. This, the 
total moment, must equal The complement the 
center span, demanded the Building Laws New York City, 
French practice, although seems largely ignored the United 


the point support. This condition actually required 


States. used the center the span, theoretically, then 


must used the point support; and provided for 


the center the span, theoretically, must also provided for over 


the point support. 
Actually, one cannot “sail close the wind.” the French 


practice followed and provided the center the span and 


conditions are realized, the reinforcement over the point support 
will stretched far beyond its elastic limit. Consequently, the actual 


over the points support, and any time actually theoretical 


bending moment the center the span will become pos- 
sible that this statement should “taken with grain salt,” owing 
the fact that the beam may incorporated into the general floor 


system such way that, should actual condition represented 


the extreme bottom fibers the beam would confined 


much the ends that they would not have opportunity elongate, 


and therefore internal arching effect would set up. 


adopted the center the beam and the point support, 


obviously the unit stresses over the point support will much 
greater than the center the span, thus bringing them probably 
very close the elastic limit. the actual theoretical condition 


adopted, that is, the center the span, and the point 


support, the use T-beams prevented, the section will not re- 
verse, and would necessary increase largely the depth the 
beam the columns and for some distance each side. For this 
practical reason, the writer knows work which this set 
coefficients has been used. 
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There another consideration, also, which prevents too close 
adherence any theoretical division the total bending moment 
This due the fact that there are conditions partial load- 
ing which greater bending moments can brought about various 
points the system than under strictly uniform load. If, for ex- 
ample, the beam extends over several panels, and the load only 
imposed alternate panels, intervening ones being occupied aisles, 
questionable whether there would any positive moment the 
aisles, and certain that the bending moment the centers the 

spans taking the load would considerably greater than 

provision made for this point, therefore, and for 

also, the point support, system adopted which will never meet 

the theoretical conditions occurring the same time actual prac- 

tice, but which will meet any possible stresses occurring any point 

the system due the variation this theoretical condition. The 
resulting beam also has the advantage being uniform section. 


Guy Am. Soc. (by the McGraw 
Building been designed ten years ago, would not have been built 
reinforced concrete. Few engineers that time had sufficient con- 
fidence undertake the experiment, and the local building laws did 
not permit it. Even more recently than this, nearly every architect 
importance the vicinity would have refused listen argument 
for using concrete building which there was heavy vibra- 
tion, was only considered fit for light, cheap buildings. 

that time, even engineers were afraid speak favor con- 
for general building purposes, for fear becoming unpopular. 
One who dared engage concrete building construction had en- 
dure the humiliation seeing some his former friends pass quietly 
the opposite side the street when they saw him, order avoid 
meeting one who was engaged immoral business, and who was 
just escaping the meshes the law. The change public opinion, 
with regard reinforced concrete, has been brought about purely 
the merits the construction. 

About ten years ago the Building Department New York City 
inaugurated standard tests for concrete constructions used for 
fire-proof floors. All constructions for floors had submitted 
4-hour fire test, average temperature fahr. They 
were loaded with 150 Ib. per sq. ft. full-sized floor not less 
than ft. long. Immediately following the fire—the material being 
still red-hot—a regulation stream cold water was thrown 
the construction, with pressure per sq. in., for min. 
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per sq. ft. 

During the five years following the inauguration this test, about 
twenty-five concrete constructions withstood successfully. this 
time some the public had been convinced that concrete possessed 
merits, fire-proof material, but did not dare speak out; while 
others feared that had some merits, and set out kill it. Quite 
successful obstacles were placed its way, the Board Insur- 
ance Underwriters, who fined it; codes law, which practically 
ruled out; labor unions, which dictated whom and how should 
made; and politicians, whose interests were generally other 
directions. 

Interest was finally awakened, the favorable showing made 
concrete some the great fires, which few honest reports were 
made eminent engineers, and since that time concrete constructions 
have gained rapidly popularity. 

was only about four years ago that the writer secured, from 
the Department Buildings New York City, the first permit ever 
granted the Borough Manhattan for concrete building, in- 
cluding concrete wall construction. All who are interested the 
advancement reinforced concrete must feel indebted Professor 
Burr for giving his name and influence this cause. 

The McGraw Building was undoubtedly made reinforced con- 
crete because offered the best construction withstand the 
peculiarly heavy work printing house; and because gave the 
safest fire risk. The National Board Fire Underwriters, some two 
years ago, recommended minimum rate insurance similar con- 
structions, and, from recent inquiry the Local Board Fire Un- 
derwriters, learned that even this august body has last reached 
point where similar action under consideration. 

fire risk, concrete structures offer the best possible invest- 
ment, either for individuals carry their own risks, for insurance 
associations make specialty these constructions. Such under- 
takings would the safest and most profitable kind insurance 
ventures. 

Concrete superior burned clay, not because more fire- 
proof, but account its superior elasticity under the stress due 
fire and water. Some years ago the writer constructed, entirely 
cinder concrete, test house, ft. and about ft. high, with 
walls in. thick, and with ceiling only in. thick. various 
tests conducted the Department Buildings that house the 
ceiling was submitted four separate series fire tests. 

When this structure was torn down, make way for dock im- 
provements, this 14-in. ceiling was examined engineer from the 
Department Buildings New York City, and Professor Wool- 


The construction was then withstand distributed load 600 Ib. Mr. Waite. 
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Mr. Waite. Columbia University, and was found good condition, 
the fire having affected scarcely in. its under side, and this was 
due the first fire. 

While reinforced concrete has been demonstrated superior 
many respects other forms fire-proof construction, has 
forced its way the front principally account the economy 
has effected. 

The parts building which best adapted must deter- 
mined largely the engineer’s experience. Sometimes this experi- 
ence paid for very dearly, and forms secret chapter his 
biography. 

Local conditions often alter circumstances such extent that 
kind construction which might erected one locality 
profit would become loss another locality short distance away. 

the relative prices built steelwork and concrete per unit 
section are about and the relative working capacities 
compression (16000 500) are about evident that, 
other things being the same, the more concrete substituted for steel 
compression, the greater the economy. 

Where heavy loads are carried, concrete will found highly 
advantageous; conversely, where small loads are carried, will have 
little advantage. Keeping this fact view, one would expect find 
the greatest economy using concrete for column supports and floor 
constructions—the heavier the construction, the greater the economy. 

The great barrier using concrete for columns the impractical 
size necessary when more than few stories are required. Leaving 
others the discussion the rationality the combination con- 
crete and steel the columns the McGraw Building, the writer 
considers this form construction superior anything heretofore 
done reinforced columns. 

The column reduced reasonable size, and made safe 
against accidents. The positive dead loads from the building are 
carried positive steel supports, while the doubtful superimposed 
floor loads are adequately provided for the more questionable form 
concrete reinforcement. 

The certainties are balanced one against the other, and the un- 
certainties are also brought face each other. Although columns 
this form are not directly the cheapest, the writer believes them 
the most economical, all things considered. Columns this form 
are adapted much speedier erection than the cheaper reinforced 
concrete, and are absolutely safe during erection; they also allow 
good monolithic connection the column with the floor that 
obtained other reinforced forms. The column forms, with the steel 
guide, cost less than where they are made independent struc- 
tures. 
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pointed out the author, the construction the forms Mr. 


probably the ‘greatest problem the practical construction rein- 
forced concrete. Almost every beginner this field has arrogant 
confidence his ability eclipse everything previously done the 
way perfect centering. only necessary watch such one 
and see second scheme his second job, third scheme his third 
job, and on, until becomes meek plodder along the tow-path 
experience. 

discrimination should made between centers forms de- 
signed for building, and building designed for the forms. Forms 
made fit special building may cost several times much those 
with which standard building might made. The cost center- 
ings may reduced about proportion the standardization 
the building. Many useful schemes for systematizing the general 
construction centerings have been invented, and many these 
have simplified the problem that the main cost taking down 
and putting the forms. 

Most these centering schemes are used for rough concrete work, 
where the surface plastered afterward; but when finished sur- 
faces are produced, the cost centers more than doubled. 
the mechanic trained finished-center work told make rough 
standard centers, will spend nearly hours carefully getting 
ready work which would take the other man hour; conversely, 
the rapid standard-center man put perfect-center work, would 
hour what would take the perfect-center man about hours 
undo and over again: False conceptions and misrepresentations 
the part competitors concrete work have led them into bitter 
warfare presenting owners with what they term “finished surface” 
free cost. not possible conceive method trying uni- 
formly rough surfaces instead uniformly smooth surfaces, 
help toward solving the problem 

The indirect method may used cheapen centers, that is, con- 
structions may used which not require the expensive centering 
necessary ordinary forms reinforced concrete. such construc- 
tions not advance the total cost increases other directions, 
there will net saving. evident, the forms centers for 
ordinary reinforced concrete must sufficiently heavy maintain 
perfectly independent structure under the tendency warp and 
deflect, due the fact that they are alternately wet and dry, and also 
account the heavy load the concrete. Where steel skeleton (such 
the columns the McGraw Building). maintains the construc- 
tion lines, one may use for centers material which much lighter, and 
more easily worked and handled than with ordinary reinforced con- 
crete. 

The author does not describe the wall construction this build- 
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Mr. but the writer believes some form reinforced con- 
crete. wall construction, the conditions are very different from 
either column floor construction. both columns and floors, con- 
crete makes saving steel, but, wall construction, this element 
saving does not enter. Further, monolithic wall construction 
two forms must kept plumb, but floors only one form re- 
quired, and gravity helps hold this place. The writer, with the 
very best assistants, after finishing several buildings having com- 
plete concrete wall construction averaging in. thick, concluded that 
the cost the concrete such wall construction was small con- 
sequence, and could safely neglected totaling the entire cost 
the wall. factory construction, where there are practically 
walls except panels under windows, such difficulties are en- 
countered dead wall construction. 

Nothing stated definitely the author concerning the character 
the steel used the floor construction, other than that round rods 
were used. The kind bars and the character the steel them 
seem command great deal attention present. The only 
logical conclusions that can drawn from the claims the big 
grist deformers (with increased capacities for each new deforma- 
tion their rods) that they are developing the art toward state 
where (according claims) practically nothing but bond and grip 
will required, and steel for tension, etc., now designed, will be- 
come little consequence. 

referring some recent constructions which the writer has 
executed, the only excuse has offer for doing that such 
improvements have come after quite lengthy experience general 
steel and reinforced concrete construction, and, being product 
natural evolution, they belong the general scheme development 
toward something higher. The writer’s experiences have been unlike 
those many engaged reinforced concrete construction, because, 
most cases, has had contend with the conditions existing 
‘crowded parts large cities, where space for storing materials and 
performing work extremely limited, and where great rapidity 
erection necessary; and, account the extra height build- 
ings, safe construction must considered. 

Having been fundamentally trained steel construction, followed 
the fire-proofing the steel, and subsequently having pursued 
general reinforced concrete construction, the writer was forced 
consider the merits and demerits the combinations these three 
factors building construction for the conditions found large 
cities. 

The safety and the speed steel construction were apparent, and 
the advantages the use concrete for the protection 
proofing steel were well demonstrated. Then followed the combina- 
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tion steel with concrete (formerly used for fire-proofing), and this Mr. Waite. 


developed into system which possessed all the merits the steel 
skeleton construction and the advantages reinforced concrete. 
this system (known System “M,” its order with other systems) 
there required only from 40% the steel necessary for the con- 
ditions which the steel does all the work. The concrete—which 
must used for fire-proofing—is made the remainder. The 
light steel frame run ahead the concrete, the usual manner 
for steel frames, and made strong enough take all tensional and 
shearing stresses the subsequently reinforced construction formed 
the steel and concrete. The combination forms truly reinforced 
structure. 

Work can done several stories simultaneously, other 
steel construction. The necessary forms are simplified, compared 
with those required most reinforced concrete constructions, ac- 
count the assistance given the steel frame. Within the last two 
years, some twenty buildings the vicinity New York City have 
been constructed this system. 

From January 1st April, 1907, while the McGraw Building was 
being erected, three buildings that vicinity were constructed 
which the floors were this form construction, namely: The 
Bonwit-Teller Building,* and West Thirty-fourth Street, 
shown Fig. Plate LVIII; the Salvation Army 533 
537 West Forty-eighth Street, shown Fig. Plate LVIII; and 
the Strack Building, 214 220 East Twenty-third Street. 

these buildings, steel columns carry the entire loads, but, where 
conditions permit, light steel frame, similar the construction used 
the McGraw Building, carries the dead floor loads. 

The general form the steel this combined column construc- 
tion shown Fig. made channels similar sections 
disposed centrally with respect floor beams and girders, and the 
separate steel members are connected the corners. The writer 
has found this give very simple and effective steel skeleton which, 
believes, affords ample means for the proper combination the 
steel and concrete. 

Some months ago, building garage for the use his family, 
Whitestone, Long Island, the writer concluded make the entire 
building reinforced concrete order demonstrate the economy 
new form construction suitable for small number laborers. 
The building ft. long and ft. wide, and has two stories, and 
attic. The walls consist series 8-in. reinforced 
pilasters, spaced ft. apart between centers. Between these buttresses, 
and erected simultaneously with them, there are concrete blocks, in. 
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The Engineering Record, June 22d, 1907. 


f 
i 
4 
4 
f 


Mr. Waite. 


Mr. Goodrich. 


DISCUSSION REINFORCED CONCRETE BUILDING 


thick and in. wide. the lower story the blocks are flush with 
the outside the pilasters, and the second story they are kept back 
from the front give the effect shown the photograph, Plate LIX. 
The floors were reinforced with steel beams, resting the 
pilasters, and having shear bars extending from holes the webs 


SYSTEM COLUMN 
Fie. 1. 


the beams. One handy man and two laborers constructed the 
foundations and all the walls and floors about weeks. The walls 
were run several feet above the second floor order make 
full story the attic. 


Am. Soc. E.—The speaker’s connection with 
the McGraw Building, supervisory capacity, during the major 
portion its design and construction, makes Professor Burr’s descrip- 
tion special interest him. few particulars, that description 
may somewhat amplified, for the sake noting additional points 
interest. 

The power plant for the building located sub-basement 
situated the southwest corner. Consequently, the columns that 
portion the building are somewhat longer than the others and ex- 
ceed the dimensions given the paper 124 ft., making the length 
the longest column 172 ft. may also interest note that 
the “reinforcement” the first length one these columns weighed 
050 Ib. 
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The windows the sides and rear the building are wire-glass Mr. Goodrich. 


metal frames, that practically the only possible additional device 
which could added give security against fire, would com- 
plete automatic sprinkler system. consequence, the McGraw Build- 
ing one the best the city, far insurance conditions are 
involved, and carries very low rate for both the building and the 
contents. 

The column spacing was determined primarily the dimensions 
modern printing presses, nearly half score which are now 
operation several the upper floors the building. This fact 
brought about the use rectangular floor bays, while more nearly 
square arrangement would have been slightly more economical, had 
been possible design the building that way. 

the several new features the building, course, the column 
design the most unusual. While the whole arrangement, finally 
worked out, proved highly satisfactory, from construction point 
view, may open some adverse criticism, from solely economic 
standpoint. shown Mr. Douglas, design for purely structural 
columns would have cost less money, and Mr. Stern suggests that, even 
when fire-proofed, such columns would have been smaller than those 
used. Plenty evidence has been adduced from the San Francisco 
conflagration show that comparison can made between struc- 
tural columns, however well “fire-proofed” the usual manner, and 
such columns are used the McGraw Building. comparison 
fair unless this superiority resist fire capitalized. the 
other hand, columns the Considére type likewise possess this good 
quality, their principal drawback, under such conditions, being their 
size. may interest state that, early the history the 
design this building, the speaker caused prepared design 
typical column, the Considére type, based the accepted stress 
requirements the New York City, Manhattan Borough, Building 
Regulations that time. The columns, course, were circular 
section, with diameter case greater than the diagonal the 
corresponding square column the Burr type, finally used. The 
estimated cost the Considére column, conservative basis, showed 
apparent saving its favor approximately $10000 for the 
whole building. 

Two other small objections the Burr column were also discovered, 
which were almost entirely obviated during the progress the work, 
and could entirely remedied future designs. The wide faces 
the angles the lower stories, and the wider expanses some the 
splice-plates, made necessary special wrapping wire wire lath 
hold the fire-proofing concrete place; and the extreme rigidity 
the column steel, made necessary much more careful adjustment 
the forms than usually required for reinforced concrete build- 
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Mr. Goodrich. ings. most cases, the less rigid reinforcing rods are given slight 
eccentricities, which not affect their efficiency seriously, and are 
thus made accommodate themselves small variations the spac- 
ing the forms, and thereby save some labor cost. This latter possi- 
ble defect the rigid may even considered real 
virtue, the eyes some people. 

The speaker aware really very few reliable tests reinforced 
concrete columns, and none which possessed anything like the per- 
centage longitudinal steel found those the Building. 
Some time ago, the speaker arranged for series tests specimens 
designed after the Burr type, and practically full size, but, un- 
fortunately, the results have not yet been secured. this, well 
note fact which Professor Morsch, Zurich, calls attention, 
his “Eisenbetonbau,” that the efficiency longitudinal rod rein- 
forcement decreases with the increase the percentage used, least 
4%, and that one knows how larger amounts will act. 
thus incumbent upon designers exercise great care selecting 
working stresses for concrete columns possessing considerable longi- 
tudinal steel, the field absolutely unknown the present time, 
and some serious trouble may result for inexperienced designers who 
follow rules blindly. 

Another point noted the fact that most experimenters 
concrete columns have concluded that the concrete appears carry 
much the larger percentage the load until has reached stress 
far above the usual allowable working one, when the steel comes into 
more pronounced action. course, this conclusion based com- 
putations involving assumed modulus elasticity the steel and 
the observed stresses and strains the column. The distribution 
stress, above described, probably due the fact that the stress- 
strain curve for concrete not straight line, thus demonstrating the 
existence variable modulus elasticity. From these facts, 
might seem more rational reverse the condition the dead 
and live load carrying capacities the steel and concrete the Burr 
column, and require the concrete, say 750 unit stress, carry 
all the dead load and then add enough steel structural form, 
desired, carry the total reduced live loads. 

Another item design the McGraw Building which special 
attention was paid, was the connection between the reinforcing rods 
and the column steel. This was worked out effectively that the 
steel erectors the columns often attached, any convenient point 
the beam reinforcement, one end the turnbuckle which they used 
for plumbing the column sections. other reinforced concrete 
building within the speaker’s knowledge could this done. 

With such rigidity column steel and its firm connection with 
the beam rods, the best method beam design would seem that 
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cantilevers continuous beams throughout, instead simply sup- Mr. Goodrich. 


ported members. Such arrangement the steel concrete 
beam has the following advantages: 


Maximum shears occur points where maximum moments are 
found, and, consequence, where most steel placed. 

Not much steel found near the bottoms beams, where 
would exposed the most trying effects fire. 

Such method design obviates the tendency sharp deflec- 
tions near the supports, with the resulting probability 
the occurrence cracks points where the shear the 
greatest. 

Such design gives most resistance against the type failure 
observed impact experiments. 

There also less likelihood the displacement reinforcement, 
because view during the greater part the process 
concreting. 


All beams and girders throughout the McGraw Building were 
signed fully continuous, restrained, even where supported the 
outside columns and walls. The drawings show just much steel 
over the supports the centers the spans, and, since the factor 
used connection with the moment the latter point according 
the requirements the Building Code, the factor for the supports 
the same. Thus seen that, when compared with and 
the theoretically correct values, almost twice much beam 
girder reinforcement was used theory would dictate. This extra 
material was used literal compliance with the anomalous wording 
the New York Building Code. comparison this building with 
numerous others has led the speaker the conclusion that the re- 
quirements therein contained are rarely complied with literally, and 
that this faulty requirement the code has been the real cause 
much poor work. 

the speaker, reason apparent for using, over points 
support, more steel than enough satisfy the theoretical moment 
formula, with coefficient When that amount used that 
way, only half much, course, theoretically necessary the 
lower part beam its center, while the building requirements 
even more than needed the upper part the beam over support. 

Some slight argument may advanced for using much steel 
below above, the two locations, from the fact that eccentrically 
placed partial loads continuous members resting perfectly mov- 
able supports, subject the members maximum positive and negative 
moments which are much larger than those produced continuous 
usually considered. fact has often led the speaker 
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recommend partial concession the older ideas design, and 
use equal amounts steel over the supports and the centers 
spans, determining this quantity the coefficient, This distri- 
bution allows economical design for, and method handling, 
the rods; meets practically all the requirements partial loads, 
and, the center the spans, uses within 20% the quantity 
steel required the New York Building Code, with 100% better dis- 
tribution, far prevention cracks concerned. 

The reinforced concrete beams and girders monolithic con- 
crete building are not beams and girders all, the sense the 
wooden and steel ones the older types structures, which simply 
rest brackets and have ample opportunity for motion each joint. 
Until cracks have formed, the concrete beams are really extended 
brackets the columns and other members, and should designed 
such. The early workers with reinforced concrete were influenced 
too largely the old type structure, and few designers have even 
yet grown into the true spirit the newer material. 

Thus has transpired that the McGraw Building has floor con- 
struction which rated far below its true safe carrying capacity. 
Were any floor loaded failure, the latter would probably take place 
shear, rather diagonal tension. relation this, however, 
must stated that the speaker never has understood why those 
actual charge the design the reinforcement (other than the 
author the paper), invariably used odd number rods resist 
tension. doing impossible bend upward the same number 
rods each end beam assist resisting shear, so-called. 
Thus, five rods might used given case for tension reinforce- 
ment. Three could bent upward one end, but then practicable 
bend only two the opposite end the adjoining beam without 
causing congestion steel over the support. the two bent rods 
were just sufficient resist the shear, the three rods the other end 
would give 50% better efficiency that end; and 20% more resistance 
would have been secured the weaker end using six rods 
smaller individual (but aggregating the same total) area, and bending 
three rods each end. 

The floor forms were designed with especial care. They were 
collapsible type, and were erected exceptionally substantial 
erect the structural work the columns. The determination, after- 
ward made, use the central tower for erection purposes, rendered 
this special reason for heavy forms unnecessary, but their value was 
repeatedly shown for other reasons, and the speaker decidedly the 
opinion that little extra material excess that sometimes seen, 
real economic advantage. The forms were designed Mr. 
Ellendt, and were all built special shop; they were hauled the 
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building site trucks, and the whole truck-load was hoisted the mr. Goodrich. 


central derrick single operation and set practically place. The 
speed actually attained erecting the building, shows how well the 
form work was prepared and carried on, because that work the 
crucial part the erection all concrete work. Matched and dressed 
material was used throughout, always well coated with oil, 
obviate the necessity special surface finish possible. However, the 
rapid and repeated use this material during the winter soon dis- 
closed the fact, the truth which has always been held the speaker, 
that would necessary plaster the building, was given 
character par with the average office structure. 

plans the forms are included the paper, although reference 
them appears one point. 

the speaker’s opinion, the tower used the erection this 
building was really factor large economy. For instance, all con- 
crete was hoisted each floor buckets dropped through the elevator 
shafts the mixers, which were the basement and placed 
dump directly into the buckets they rested. The booms swung the 
buckets that they could dumped exactly the desired points, 
thus obviating the use other hoists, hoppers, wheel-barrows, runways, 
This method proved effective that very often the cost all 
labor concrete for considerable quantities would not exceed cents 
per cu. yd. 

The speaker certainly would repeat the use that special con- 
trivance similar operation, except that would stiffen the struc- 
ture somewhat greater extent, and would use 12-in. timbers 
for corner posts instead the 10-in. posts used this instance. 
The tower structure also served storage space, and was almost 
inestimable value this respect, because the congested portion 
the city which the building stands. 

During cold weather, besides making use the salamanders, 
described the author, the concrete was mixed with hot water, and 
all aggregates were heated prevent frozen lumps from getting 
into the work. one operation with which the speaker was con- 
nected once removed lump frozen sand from column 
which would have occupied about 15% the total area. The 
necessity heating the aggregate obvious, since, even when boiling 
water thrown into the mixer, has such speed operation that not 
enough time elapses thaw frozen masses and get them properly 
distributed, before the mixing process complete. 

With the methods used the McGraw Building, even the 
coldest weather, the concrete would reach the point deposit 
temperature ranging from 75° fahr., and would attain its initial 
set while was still warm the touch. The salamanders maintained 
temperature the dead air spaces between the beams, which often 
reached 100° fahr., and seldom fell below 60°, even zero weather. 
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course, the special interest this paper centers around the type 
column. The speaker feels that, even the present time, the de- 
signing reinforced concrete columns like working darkened 
room, and this said even after personally making large number 
column tests, and after carefully analyzing nearly hundred others. 
carefully designed, and when proper relation exists between the 
longitudinal and spiral steel, the speaker considers Considére column 
entirely practicable for reasonably high building with comparatively 
light floor loads; but, for more lofty structures, the opinion gain- 
ing strength, the speaker’s mind, that regular structural steel 
column should used, connection with reinforced girders, 
beams, and floors, desired. This structural column, however, should 
some open design, and should completely filled with con- 
crete and surrounded fire-proofing least in. thick over all 
extreme edges. Such composite building will more economical 
than any other, yearly carrying charges, including interest first 
cost, insurance, maintenance, heat, etc., and correspondingly larger 
income can derived therefrom. 


good reason can offered for not exercising the same 
common sense designing reinforced concrete structures that ex- 
pected and demanded designing steel timber structures. Too 
much heard regarding “systems” reinforced concrete, and too 
little regarding the simple application the well-known laws relating 
the strength materials and the distribution stresses such 
structures. not many years ago that iron bridges were built ac- 
cording one another special, and generally patented, type. To-day 
the “patented bridges” are limited draw bridges, which, after all, 
are machines well structures. doubtless true that, 
large measure, the present wide use reinforced concrete due 
the energetic promotion various so-called “systems,” together with 
the equally energetic promotion concrete construction makers 
various forms reinforcing materials. While, some cases, 
capable and conscientious engineers have done splendid work de- 
veloping new and better designs for reinforced concrete substi- 
tute for designs steel masonry structures, other cases, less 
capable, and some instances ignorant, men have produced “sys- 
tems” which would ridiculous they were not dangerous. 

designing reinforced concrete, the writers have endeavored 
follow the same methods analysis stresses and proportioning 
parts they use designing steel structures. They have studied 
carefully all the experimental and research work done the leading 
technical schools and universities, and believe that more can gained 
such study than simply developing any refined theoretical 
analysis the strength concrete reinforced with steel. 
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The writers present herewith illustrations what they believe 
rational designs reinforced concrete construction. Care has been 
taken have these designs free from every unnecessary complica- 
tion, the whole aim being gain great strength and everlasting 
durability with the most simple construction possible. 

The author’s description the McGraw Building especial 
interest, there are several features its design which are similar 
those used the writers; therefore, they present the following 
description one building, and some notes regarding two others, 
designed them. 

The Manufacturers’ Furniture Exchange Building, Chicago, 
the reinforced concrete features which were designed the writers, 
Consulting Engineers for the Architect, Mr. William Earnest 
Walker, was designed the spring 1906 and completed near the 
close that year. the McGraw Building, well the build- 
ings designed the writers, the columns have been reinforced with 
latticed steel angles. far the writers are aware, the first rein- 
forced concrete building which columns this form were used 
was the Watson Building, Chicago, built 1905, for which Messrs. 
and Schmidt were the Architects. The writers’ original recom- 
mendation for the columns this building was that the angles 
latticed, but they were actually built with horizontal tie-plates, 
shown Fig. Plate LX. the time this photograph was taken, 
the view, Fig. Plate LX, was also taken the first floor, where 
was going on, the forms for the floors above being supported 
that they did not interfere with the placing concrete this 
floor. 

The general plans for the Manufacturers’ Furniture Exchange 
Building were completed June, 1906, and the contracts were let 
July 1st. The building near the business center Chicago, 
and has frontage ft. Wabash Avenue, running back 170 ft. 
Fourteenth Street alley. The general appearance the 
building shown Fig. Plate LXI. eight-story and base- 
ment building, designed for furniture show rooms, warehouse pur- 
poses, light manufacturing. The floors are designed carry live 
loads 150 Ib. per sq. ft. the lower floors, and 100 per sq. ft. 
the upper floors. Fig. plan and Fig. cross-section the 
building, showing the general arrangement the columns and beams. 
the first floor bulkhead carried around two sides, sup- 
porting platforms for the show windows and permitting half windows 
for lighting the basement. The second eighth floors, inclusive, are 
exactly alike. The roof reinforced concrete, and has two rows 
saw-tooth skylights. 

designing the columns, the ratio the moduli elasticity 
steel and concrete was assumed The columns were not 
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considered hooped concrete, only 500 lb. per sq. in. being allowed 
for the working stress the concrete and 500 per sq. in. the 
steel. Only one change was made the size the concrete 
From the basemerit the third story the columns were in. square, 
and above that they were in. square. The corners the columns 
were rounded radius in., except the basement. 
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Fig. shows the typical reinforcement the columns, girders, and 
slabs. Temporary cross-angles were bolted the steel column rein- 
forcement support the column forms, and, turn, the floor forms 
above. After the concrete for one floor was finished, the weight 
the form work the floor above was supported shores the usual 
manner, resting directly the finished concrete floor. The temporary 
angles were then removed from the columns, and the column boxing 
was closed, preparatory casting the concrete the column section 
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above the finished floor. This all shown quite clearly Figs. 
and Plate 
Fig. Plate LXII, photograph taken the beginning the 
concreting work the first floor (October 10th, 1906), and when taken, 
the forms were completed for the first floor, the reinforcement this 
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floor was place, the column reinforcement, extending from the 
footings the level the second floor, was also place, and the 
basement columns were cast. The character the column reinforce- 
ment shown very clearly this photograph. The points where the 
lacing the columns omitted near the top are the openings left 
for the reinforcement for the second-floor beams pass through. 
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Fig. Plate the temporary angles may seen near the 
bottom the column the foreground. This photograph was taken 
November 6th, and shows the concreting progress the second 
floor. After the concrete work the first floor was finished, more 
concreting was done until after the forms for the second and third 
floors were both completed. The carpenters then worked the third 
floor, building the forms for the fourth floor. this stage the 
work the reinforcing material for the second floor was placed, and 
the concreting this floor proceeded. The photograph, Fig. Plate 
was taken the same time Fig. Plate LXII, from which 
will seen that the exterior walls had been run practically the 
level the fourth floor, and the carpenters are seen working the 
fourth-floor forms, and, stated previously, concrete was being placed 
the second floor. From this time forward, both the concrete gang 
and the carpenters were kept constantly work, the carpenters being 
two stories ahead the concrete gang. order prevent freezing, 
the window openings were closed, and coke fires were kept burning 
salamanders the story directly under the floor which concrete 
was being placed. consequence, the concreting went 
temperature that was considerably above the freezing point, even 
the coldest weather. The cement finish was put the concrete floors 
soon the first concrete had taken its initial set. Owing the 
prevalence rainy weather during this construction, considerable 
trouble was caused water dripping from the forms the newly 
finished cement floors, and great care had exercised protect 
these floors from injury. 

Fig. Plate LXI, photograph, taken December 15th, when 
the exterior walls were finished. shows the concrete hoist the side 
the building, with dumping bucket just below the level the 
fourth floor. The scaffold the rear the building carried the 
elevator used for raising brick. The concrete mixer shown the 
ground the base the concrete hoist. 

already stated, concreting the first floor began October 
10th, and the concrete roof over the eighth story was completed 
December 27th, only working days intervening between the time 
starting the first floor and the completion the roof. Decem- 
ber the tenants began moving into the practically finished build- 
ing. 

Fig. Plate photograph the third floor, taken 
December 29th, and typical the upper floors. 

The details the reinforced-concrete construction are shown quite 
clearly Fig. will seen, both the beams and the slabs, 
that some the reinforcing bars run straight through the bottom, 
and some are turned form the reinforcement for the upper face 
the beams and slabs such manner provide much steel 
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the top the beams and slabs over the supports the bottom 
the beams and slabs between the supports. 

Fig. bill bars for the slabs one floor, and Fig. the 
bill bars for one girder, taken from the working plans. These bills 
bars were prepared carefully, and were shown the working plans, 
together with sketches each different beam girder, that the 
contractor was able get out the correct number bars, and bend 
them the shape required. following the plans, was simple 
matter select the right bars, and place them properly the beams 
and panels. The specifications required that concrete should 
put until the inspector had checked and approved the placing the 
material. The were held the proper distance 


6 


BILL BARS SLABS FOR ONE FLOOR 
Fig. 5, 


above the forms 2-in. lengths round iron the proper diameter, 
while the bars the beams were supported two cement blocks 
each beam like those shown Fig. About 1300 these cement 
blocks were required for the entire building, and each block was re- 
with two No. wires, that they could handled safely. 
These blocks were found work perfectly, the bars resting the 
notches, thus being held their proper places while the concrete was 
poured into the beams. 

Fig. shows the reinforcement the stairways, which there 
were two flights running from the basement the eighth floor. 

The extreme simplicity the reinforcement this building 
evident, and, corrugated bars were used, was not necessary make 
bends the ends the bars use other means insuring bond, the 
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form the bar giving all cases absolute bond between the con- 
crete and the steel. 

The total cost the reinforcing bars delivered Chicago was 
almost exactly the cost the building, and, while the special 
bar used cost more than plain other forms reinforcing bars, 
the saving which would have been made using less expensive one 
would have been insignificant compared with the cost the build- 
ing. 

Under the Chicago Building Ordinances, necessary for rein- 
forced-concrete floors tested with load least double that for 
which they are designed, and this ordinance requires that the floors thus 
tested shall show evidence failure and shall not deflect more than 
the span, in. for 14-ft. span. 


No. of Bars 
in each Beam Shape 


Straight 


BARS REQUIRED FOR BEAMS 
Fie. 6. 

Under this ordinance, these floors were tested with load 350 
lb. per sq. ft., covering entire panel ft., under which 
test load deflection less than in. was measured. 

Later, the writers followed this method design for the ware- 
house the Advance Thresher Company, Kansas City (Mr. 
Llewellyn, Architect), the typical reinforcement columns, 
girders, beams, and floor slabs which shown Fig. These 
floors were designed carry working load 250 per sq. ft. 
addition the dead load. this case, floor slabs ft. span were 
adopted, and these were carried concrete joists framing into con- 
crete girders. The spacing the columns was very irregular the 
building, but the maximum spans were ft. The type column 
was about the same the Manufacturers’ Furni- 
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ture Exchange Building, except that the angles for this building 
were placed with the corners out, instead in. 

Owing the fact that this building used for exceedingly 
heavy concentrated loads, that is, the weight traction engines having 
000 concentration wheel, the owners desired satisfy them- 


about 
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selves the effect concentrated loads these floors, and, therefore, 
the following test was made: 

Two strips 4-in. wood, each ft. long, were laid along the 
centers two adjoining 8-ft. slab spans parallel with the supporting 
joists. these two strips rested platform which load 
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Con- lb. was placed, giving concentration 20425 Ib. each 
ron and Sinks. 

strip, concentrated load, the center each these two slabs, 

lb. per lin. ft., thus producing the same moment the slab 

uniformly distributed load over 4-ft. width the two panels 

1274 per sq. ft. Under this test deflection in. was 

measured. course, the entire floor assisted carrying such test 
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load, and this only mentioned illustrative the remarkable carry- 
ing capacity such floor slabs. Notwithstanding the fact that such floor 
tests give astonishing results, the writers believe that floors should 
designed, not the basis such tests, but accordance with con- 
servative practice, and all their work they have considered that, 
for floor slabs and intermediate beams, where the reinforcement passes 
over the top the slabs and beams the ends and well into the next 
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panel, the moment equal 12, and that, for end beams and 
end panels, where the reinforcement can only pass this manner 

over the top one support, 10. The writers consider that the 
dead load plus the assumed live load will stress the reinforcing ma- 
terial one-third its elastic limit, and they use from 0.8 
steel reinforcement having elastic limit 50000 per 
sq. in. They have not the beams T-beams, even such 
floor construction illustrated, but have considered them rectangu- 
lar beams with depth equal the distance from the top the floor 
the bottom the beam, and them have used reinforcement 
great 14%, but usually does not exceed 14%, the area the 
beam, not including any portion the floor except that which 
part the beam section. 

designing beams and girders, the writers have used the empirical 
formula, (450 55) This formula was adopted 
result the study all the tests reinforced concrete beams which 
had been made the various engineering laboratories the techni- 
cal schools prior June, 1905. that time, 202 beam tests had 
been reported, which were beams reinforced with Johnson 
bars having elastic limit about 50000 Ib. per sq. in. these 
tests, 80% showed ultimate strengths exceeding that given the 
formula, while only developed less than 90% the formula 
strength, and the lowest test developed per cent. This formula 
only used where the percentage reinforcement, more than 
half 1%, and not more than 14%, and where steel having elastic 
limit 50000 Ib. per sq. in. used, and with positive mechanical 
bond. For reinforcement, the ultimate moment, 505 bd?, 
and, general, that percentage has been used. The writers have con- 
sidered that three times the dead-load moment plus three times the 
live-load moment equal the ultimate moment. Therefore, the 
dead load equal one-half the live load, would require, 
theoretically, application four times the working live load 
reach the ultimate load. The tests made indicate that this practice 
the safe side. 


Messrs. Con- 
dron and Sinks, 


Am. Soc. E.—The author states that, view mr. 


the uses which the McGraw Building was devoted, was 
imperatively necessary that should designed afford the greatest 
possible resistance the vibration heavy machinery. Now, 
enough known about the action reinforced concrete under vibratory 
loads make certain its suitability for this purpose? 

reinforced concrete buildings, cracks occur when there are prac- 
tically vibratory loads; under the influence vibrations continued 
for number years, due running machinery the building, 
certain that cracks will not develop, and that the reinforcing rods 
will not work loose the concrete? 
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Considering the design the columns, the author assumes that 
stress transmitted into the concrete filling through the rivet heads 
and lattice bars these columns, that both steel and concrete act 
together unit. The speaker cannot accept this assumption. 
seems him far-fetched and entirely problematical. there are any 
experiments fortify the contention the author, would 
benefit this discussion have these results. 

The author likewise adopts working stress 750 lb. per sq. in. 
the concrete filling the columns, equivalent tons per sq. ft. 
Such very high unit stress much more than has been con- 
sidered good practice (being more than double that ailowed the 
Building Code Manhattan), that the author should give the Pro- 
fession the benefit the experiments upon which bases his con- 
clusions. 

not clear the writer, examining the details, how the 
splices the columns were arranged the various joints take 
the reduction dimensions. For instance, the columns 
the ninth story are in., back back angles, whereas the 
next section columns, supported these, decreased suddenly 
how this change size was taken care the details. 

The speaker believes the type column used neither 
economical nor efficient box steel column made plates and 
channels. column this type, take the same load, would 
made 15-in. channels with 17-in. cover-plates, and would build 
about in. square, surrounded with in. fire-proof covering. 
The columns the McGraw Building are in. square the base- 
ment and first floor, about 40% larger outside dimensions, and 
nearly twice much space; fact, the lower stories, these 
columns are actually about large outside dimensions the steel 
columns the thirty-two story City Investing Building, Broadway 
and Cortlandt Street, designed the firm which the speaker 
member. 

There actually more steel the type column adopted than 
there would the channel and plate box column above mentioned, 
assuming that the entire load were carried it, without any regard 
concrete filling; and, were intended fill these columns solid 
with concrete and surround them with fire-proof covering that 
material, there would less concrete used, that the column adopted 
was extravagant both material and space occupied. 

The author claims that the use the type steel column adopted 
was great convenience erection, enabled the steelwork 
erected ahead the concrete work, and afforded convenient support- 
ing members for the adjoining forms for other erection work. 
This argument would equally applicable the more economical 
type column suggested the speaker. 
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The columns are spaced too closely together for building adapted Mr. Stern. 


loft purposes. The interior columns, parallel 39th Street, are 
ft. in. ft. in. apart. better arrangement would have 
been have these columns spaced about ft. apart. 

The author also states that the construction the concrete work 
this building during the winter 1906-07 was entirely successful, 
thus demonstrating that reinforced concrete work may conducted 
during New York winter without material interruption. states 
that this was accomplished covering window openings with canvas, 
using salamanders, and covering the fresh concrete, fast poured, 
with tarpaulins hay, both. Now, while may possible ob- 
tain first-class concrete work this way, undoubtedly great 
expense thus the work, and likewise risky, the work may freeze 
any time, especially the thin floor slabs, from underneath. 

The speaker knows number cases collapse due this 
and believes that the erection reinforced concrete work, 
which there are thin floor slabs, undertaken during freezing weather, 
carries with grave responsibility and uncertainty. 

might interesting compare the quantity steel required 
reinforcing the concrete work the McGraw Building and that 
steel skeleton structure. complete steel frame structure for 
the McGraw Building, computed for the same loads that were used 
the author, would weigh approximately 1500 tons. the McGraw 
Building the steel columns weigh 655 tons, the reinforcing rods 507, 
making total 1162 tons, equivalent saving the McGraw 
type 340 tons the steelwork. This would amount about $21 000, 
assuming the price steel about $62 ton. This difference, 
however, would most likely more than offset other ways the 
steel skeleton type, there would much less concrete required, and 
the erection methods would less Perhaps the author 
made comparisons the cost these different types construc- 
tion; so, would interesting have his figures. 

experience covering more than seventeen years the con- 
struction buildings, the speaker has had deal with practically 
all kinds materials, and has had charge number reinforced 
concrete structures. his opinion, nothing, thus far, has been de- 
vised which comparable the modern steel skeleton type con- 
struction for high buildings, not only for safety, but for economy, 
speed construction, and ability make the frame thoroughly 
fire-resisting possible. 

Every condition loading can intelligently taken care 
steel structure, the stress each member the frame being capable 
complete analysis, and the knowledge hand to-day what 
the unit stresses should has been thoroughly tried out that 
safe say there practically element uncertainty the design 
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steel building. reinforced concrete building, however, the 
case otherwise. The factor ignorance much greater. Most 
the work done the premises labor more less unskilled. 

The supervision the work during construction the most 
exacting nature, and requires high intelligence and unremitting 
vigilance. The difficulty getting good workmanship, and making 
the construction correspond with the plans, very great, and, finally, 
after the work finished, grave defects workmanship may exist 
spite all the care exercised. 


read with great interest the writer, and, while does not doubt 
that the owners are more than pleased with the strength the build- 
ing, has take exception many statements made. 

The structure cannot called true reinforced concrete build- 
ing, the columns being steel, fire-proofed concrete, although 
ostentatiously calculated reinforced concrete columns. Neither 
the latest type reinforced concrete building construction; is, 
fact, the oldest type high building construction which rein- 
forced concrete was used. After the introduction reinforced girder 
and slab construction, many years elapsed before owners and archi- 
tects could persuaded allow the use reinforced concrete columns, 
and, most cases, latticed steel columns, fire-proofed concrete, 
were used. the numerous buildings this type, the writer will 
mention only the ten-story Audit Office the French Government 
the Cours Reine, Paris. The statement, that the McGraw 
Building higher than heretofore considered practicable, must 
contradicted. The height the Ingalls Building, Cincinnati, 
about 220 ft. above the basement, and the height the Pugh Power 
Building, the same city, designed the writer, about 180 ft. 
above the basement. The latter used for the same purpose the 
McGraw Building, and has also the same spacing columns; and the 
first section, 335 ft., proved such success that the owner built 
addition it, making now about 150 335 ft. and ten stories 
high. Mr. Douglas has shown clearly the waste steel the columns. 

true that very few tests structural steel columns strength- 
ened concrete filling have been made, and the writer pleased 
able mention least one test which was made Dr. von 
Emperger, and published the July number Beton und 
1907. about in. deep and in. from center center, 
were connected eight flat irons in. length ft. This 
column failed 100000 the buckling separately. The 
column was straightened out, and the space between the filled 
with concrete, and tested after six weeks. The composite column 
failed 265000 Ib. The iron section contained 6.3 sq. in., the con- 
section contained sq. in., the radius gyration the two 
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I-beams was 2.6 in., and, from this, Dr. von Emperger demonstrates Mr. Mensch. 


that the carrying capacity this column considered the 
sum the carrying capacities the iron and the concrete. 
also mentions that the concrete completely separated from the iron, 
and crushed into pieces from ft. long. Test cubes, cut from 
such pieces, gave ultimate resistance 1120 per sq. in. 

Although this test may not entirely convincing, shows that, 
such column, the highest working stress the steel section may 
allowed safely, disregarding the concrete, which may considered 
acting only stiffener. From this follows that would have 
been safe reduce the size the columns the McGraw Building. 

The author correct his statement that the form work repre- 
sents the most difficult part reinforced concrete construction; and 
the success contractor, and also the speed erection, depend en- 
tirely his ability organize his carpenter force, and give his 
foremen complete working drawings, omitting not the smallest detail, 
even specifying the number and kind nails; fact, the work 
the same basis structural steelwork. But also the duty 
the engineer design the building that the form work reduced 
minimum. For example, lumber comes only certain sizes—a 
column in. square specified, the forms can only made 
ripping the planks. the other hand, will found that column 
194 in. can formed using commercial lumber, and 
absolutely necessary that the designing engineer should know the 
commercial sizes lumber, they vary with different localities. The 
same applies girders and beams, which, rule, cannot obtained 
even dimensions without considerable waste labor and material. 

The use brackets should carefully considered. seems that 
most cases they are adopted for good luck, with regard 
statical considerations. The writer has seen many brackets, the 
under side which formed angle 60° and more with the hori- 
zontal, which were generally not more than in. length. Such 
brackets add greatly the cost, but very little the strength, the 
structure. little consideration would show that would cheaper 
use deeper girders and omit the brackets. bracket im- 
portance only case the underside forms angle not more than 
25° with the horizontal. 

The layout girders and beams should made simple possi- 
ble. The writer cannot say that the distribution girders and beams 
the Building the most economical, the most favor- 
able, for the form work. the Pugh Building, the girders were 
adopted the direction the 21-ft. spans, and the beams the 
direction the 14-ft. spans, and were spaced about ft. apart. This 
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reduced the number beams, and made the centering the girders 
much simpler, and the little excess concrete used the slabs, which 
were reinforced both directions—a necessity every good design— 
was more than counterbalanced the saving the form work and 
time. The fact that, although the floor area this building was 
more than 20000 sq. ft., and all the walls and main partitions were 
also reinforced concrete above the third floor, the rate progress 
was story every days, with comparatively small gang men. 

regard the use derrick tower with four swinging booms, 
the writer’s experience proves that the cost the handling the 
concrete and the installation such outfit considerably more 
expensive than the use small elevator and concrete bucket, which 
empties into hopper and hauled two-wheeled buggies the 
place where needed. 


sign the McGraw Building, careful attention has been given 
those details intended secure continuity the beams, even though 
the New York Building Code does not permit the designer take 
full advantage the increased strength resulting from such con- 
tinuity. This feature the design has been made the subject 
some adverse criticism, account the abundant reinforcement pro- 
vided. The writer believes that these criticisms are not well founded. 
The description and drawings the reinforcing frames for the girders 
show the steel reinforcement over the supports the same that 
the center the span, and this has been regarded some 
waste material. The usual formulas for stresses continuous 
beams apply the case concrete only when such reinforcement 
provided. the derivation such formulas, three conditions are 


supports, conforming the unstrained out- 
line the beam—usually styled supports all level; 

2.—Spans all equal; 

moment inertia throughout the length the 
beam. 


The first these conditions impossible fulfill, the second 
seldom prevails, and the third commonly ignored. This not in- 
tended for cynicism, but simple statement fact. Imperfect 
workmanship, uneven shrinkage concrete, and elasticity the ma- 
terial, make any assumption “supports level” untenable. This 
alone sufficient reason for placing small dependence the increased 
strength due continuity, when designing the beam. 

example very common and erroneous interpretation the 
third condition found another discussion this subject. Mr. 
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Noble has said that the formulas for stresses continuous beams Mr. Stevens. 


apply only when the bending moments are 


“adequately met moments resistance, and then only when the 
unit stresses the material furnishing this amount resistance are 
the same the center span and the points support.” 


This decidedly variance with the third condition imposed 
formulas. Uniformity stress far from identical with uni- 
formity moment inertia. 

The amount the bending moment over the support added 


that the center the span will give sum equal 


infinite series uniform spans uniformly loaded. If, further, the 
moments inertia the sections the beam are the same through- 
out its length, then, and then only, the bending moment over the 

eight more spans complying with the three conditions before 
mentioned, and uniformly loaded, the span the middle would have 


series 


approximately—within 1%—the above distribution bending 


ments. 

design which assumes some fraction this total, the 
moment the support, and the remainder the moment the center 
the span, simply because moments resistance have arbitrarily 
been provided those points resist such moments, cannot justi- 
fied any sound theory. 

order show how erroneous any conclusions drawn from such 
assumptions may be, the writer has derived the correct moments the 
supports and center the span corresponding with various ratios be- 
tween the moment inertia for the cantilever portion and that for 
the suspended portion the span. 

The beam considered will assumed one infinite 
series uniform spans, uniformly loaded—approximated span 
the middle series eight more spans—and with supports 
“all level.” Fig. let the following nomenclature and condi- 
tions govern: 


undeformed neutral axis the beam, with 
and points contraflexure; 
uniform load per unit length; 
DE; 
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All conditions are symmetrical, therefore the elastic curve will 
symmetrical. 
bending moment the center the span, 


Fie. 9. 


Since and are points contraflexure, and bending moments 
these points are zero, the beam may regarded made three 
beams: two cantilevers, and and simple span, Con- 
sider first the span, loaded with per unit length. the 
well-known theory flexure, 

wm 
Differentiate and obtain the first derivative, 


n= 


Consider now the cantilever, loaded with the uniform 
load, per unit length and the end reaction from This 


tan. 


end reaction equal From uniform load: 
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and the sum these deflections, 


obtain the first derivative 


and, from Equations and 


The negative sign governing the second term this equation 
due the fact that the moments the cantilever and those the 
suspended portion are opposite sign. will dropped hereafter, 

assigning and consistent values, fractions the total 


values have been platted and curve drawn through them (Fig. 10). 


curve has also been drawn for the values terms 


the values the various functions given these curves corre- 


and one for the ratio, for comparison with Attention called 


hence 


which values correspond exactly with the formula for beams with uni- 
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will noted that the curves for 


form moment inertia. 
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and intersect common value 0.17, indicating that for these mr. 


values, the depths are uniform, the stresses the center and 


the supports will equal. If, often made equal 


and bending moment provided for the supports, 


overstress 123% will result. If, said the French practice, 


provided for the center the span, and 


r 


Therefore, the conditions continuity and loading assumed are 
realized, the result will actual theoretical stress times 
great that calculated. This appears the writer extremely 
bad designing. 

must borne mind that the live load sustained the 
beams and columns building not uniformly distributed one, 
but constantly varying set unequal loads, sometimes concentrated 
and sometimes distributed over varying areas. steel structure, 
where each beam independent span, uniform live load, with 
proper down formula” specified, which will enable 
the designer work very close actual conditions. reinforced 
concrete structure, where the floor slabs, the floor beams, and the 
girders are built continuous beams, the stress every beam, girder, 
and column influenced every live-load concentration, whether 
make close calculations, and the most conservative estimate must 
placed upon the value continuity factor saving material. 
Also, concentrated loads are provided for, the reinforcement 
over the supports must made equal that the center the 
span, has been done the design the McGraw Building. 

the design steel structures, experience has taught that forms 
which the stresses each member can determined accurately 
are preferable. Many the statically indeterminate forms, such 
multiple intersection trusses and continuous girders, have almost en- 
tirely disappeared. 

The workers the younger art reinforced concrete would 
well give most respectful consideration this idea using stati- 
cally determinate forms, which has become general the design 
structures steel—a material the properties which may far 
more accurately determined controlled than those concrete. 


Burr, Am. Soc. (by letter).—The discussion Mr. Burr. 


this paper has developed expressions widely varying opinions, 
and has disclosed some unexpected sources criticism. 
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bad design, worse fabrication, and marked unfamiliarity with con- 
crete work have been exhibited illustrate the difficulties attending 
the construction reinforced concrete work and its alleged uncertain 
character. probably fully understood among experienced and 
well-informed engineers, has been often stated, that the degree 
ability necessary the design reinforced concrete structure, the 
thoroughness inspection, and the care fabrication are neither 
less nor more than required the best quality structural steel 
work. fact, these respects, may reasonably maintained 
that both classes construction are the same category. cite 
badly-designed and badly-handled concrete work argument 
against first-class reinforced construction precisely like 
citing unscrupulously-designed and badly-built, back-country, high- 
way bridges poor steel legitimate argument against first-class 
structural steel work. The proper question what can done with 
competent design and first-class materials and work, not what defects 
can developed bad material and inefficiency handling. 

has been alleged this discussion some, the one hand, 
that the concrete filling the columns the Building will 
shrink away from the steelwork; and, the other hand, others, 
that the steelwork not stiff enough resist the pressure the 
lateral expansion the concrete under loading. probably best 
allow these two opposite criticisms annul each other. 

may observed, however, that, there really that amount 
shrinkage, the exterior shell concrete encasing the steelwork the 
columns would tend draw that steelwork against the concrete filling 
and undoubtedly crack itself longitudinally the effort. such 
results, any extent whatever, have been observed, the alleged con- 
dition shrinkage cannot exist any discoverable extent. This ap- 
prehension excessive contraction probably arises, some quarters 
least, from the views expressed the discussion that the setting 
the concrete “drying” “drying out” the material. Such 
erroneous views the real operation setting might easily lead 
apprehension abnormal shrinkage. matter fact, the fresh 
concrete the interior the columns was put place such wet, 
condition that most took its initial set under pres- 
sure from 500 1200 (or more) per sq. ft. The fresh con- 
crete was thus pressed outward with great force against the steel and 
the timber forms. The writer has seen the concrete cut away from 
steel reinforcement many cases, including the columns and other 
steel reinforcement used the Building, without, single 
instance under his observation, disclosing any tendency whatever 
the concrete part from the steel enclosed it. There are un- 
doubtedly such instances, where work has not been carefully done, 
possibly from some special conditions where there has been negligence, 
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but believed, from extended experience wide range this Mr. Burr. 
class work, that the danger defects arising from this alleged 
shrinkage essentially imaginary, and that may ignored wher- 

ever work properly done. 

Exception has been taken the statement that the concrete filling 
this type column banded the most effective manner possi- 
ble. While such expression may interpreted mean too much, 
believed that the statement justified. Its meaning that, 
this type column, not alone this special instance the type, the 
steel reinforcement, while stiffly embracing the concrete, self- 
sustaining and load-carrying form. element strength 
the column, not only being directly load-carrying, but acting 
prevent lateral strains the concrete, that is, lateral enlargement 
the concrete under loading. Furthermore, such type re- 
inforcement act initially with the concrete; other words, both 
concrete and steel act together from the beginning the loading 
its full value. the banded type column, the contrary, with 
longitudinal rods incapable acting load carriers themselves, 
these highly desirable conditions not exist. Professor Talbot’s ex- 
periments show conclusively that the steel banding does not act 
sensible extent until the concrete has been stressed nearly its 
ultimate capacity plain material, while the longitudinal rods are 
themselves elements actual weakness. would seem, there- 
fore, that the criticized expression reasonably justified, even though 
the lattice bars are not always very stiff.members under flexure. 

has been objected that the compression the steel angles 
these columns under loading will result the lattice bars forcing 
them further apart, thus possibly breaking the bond between the 
angles and the enclosed concrete. first sight this seems plausible, 
but, aside from the obvious fact that any such motion must ex- 
ceedingly small, existed any such extent alleged the exterior 
fire-proofing shell concrete would cracked longitudinally. The 
fact that such longitudinal cracking exists conclusively disposes 
the objection. This objection also disposed another con- 
sideration. When built-up steel column subjected loading, its 
tendency bend slightly whole, resulting its parts taking 
very slight but curvatures. Under such circumstances the 
elements the column not tend separate, and the 
lattice bars are frequently subjected heavy compression. These 
results are commonly observed full-sized column testing. 

has been stated that, under compressive loading 750 per 
sq. in., the lateral strains concrete are not more than 20% the 
direct longitudinal strains compression, while, matter 
fact, tests have shown that more likely nearer twice that 
amount. 
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Much apprehension has been expressed regarding the opinion that 
the compressive working stress reinforced concrete structures should 
not more than one-eighth one-tenth the ultimate resistance, 
although results experience whatever are cited support 
such abnormal proposal. 

Many tests concrete compression, both America and abroad, 
show that mixtures rich may reasonably expected 
give ultimate compression least per sq. in. the 
end months, and increasing ultimate, during the next 
years, great 4000 4500 lb. per sq. in., more. The usual 
working stresses for such concrete compression, ranging from 500 
750 lb. per sq. in. concrete work, are thus seen 
conservative. The French Government Committee recommends much 
higher values. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


TRANSACTIONS 


Paper No. 1076 


OVERHEAD CONSTRUCTION FOR HIGH-TENSION 
ELECTRIC TRACTION 


proper regard for the safety the public, and the great neces- 
sity, from operating standpoint, uninterrupted service power- 
transmission lines and the railroad other lines they cross, demand 
the most reliable type construction. 

spans,” being relatively few number and relatively 
great importance, should built the best manner possible, and 
without the same consideration cost that which proper for 
line private right way. 

The choice type construction for transmission companies, 
private right way, may said depend the cost con- 
struction versus the cost interruptions service, and maintenance. 
This also true, though less extent, certain classes railroad 
power lines. 

Where transmission-company power lines cross railroads, when 
high-tension wires are used railroads for purposes electric trac- 
tion, the cost failures construction will found exceed the 
additional cost good construction. 


Presented the meeting February 5th, 1908. 
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Interruptions service transmission lines, and accidental con- 
tact with other lines, can usually charged the following causes: 


birds, branches, kites other objects 
spanning the wires; 

2d.—Burning cross-arms pins discharges from the power 
line; 

3d.—Fires burning wooden poles; 

due lightning; 

5th.—Electrical failure insulators; 

malicious breaking insulators; 

due wind and ice storms, floods. 


while not eliminated, will reduced much 
appears practicable spacing the wires not less than in. apart 
and cutting back standing timber from the immediate vicinity the 
line. 

The burning pins poles will prevented the use steel 
superstructures and metallic pins. 

Steel superstructures will not danger from lightning, and the 
addition ground wire above the power wires should lessen the 
likelihood other lightning troubles the line. 

The electrical failure insulators mainly question cost. 

Malicious injury cannot guarded against, but may lessened 

Mechanical failures, due storms, may guarded against the 
design; and properly designed structure may considered secure 
other forms steel construction. 

Ice Load.—Depending the climate, allowance must made for 
accumulations sleet upon all wires and superstructures. The latest 
practice regarding sleet loads varies from load thickness in. 
Experience with telephone and telegraph lines indicates that sleet 
formation ranges from thin film hollow cylinder in. 
diameter and in. thick. probable, however, that these large 
formations are not continuous, not remain place during high 
winds. 

The weight sleet, particularly the larger formations—which may 
partly snow—should assumed somewhat less than that 
clear ice. will noted that thickness in. ice hereafter 


{ 
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assumed remain place during high wind, the weight being as- 
sumed 0.038 per cu. in. 

Wind Loads.—No exact specification for wind pressure has, yet, 
been very generally accepted. Perhaps the most common method has 
been adopt pressures from per sq. ft., required 
bridge specifications, and modify them for cylindrical surfaces. 
reality, these wind pressures, used bridge practice, include 
allowance for vibration, and are not considered likely act over ex- 
tended surfaces. 

Since the publication Sir Isaac Newton’s law for the pressures 
exerted moving fluids—which, for wind pressures, may reduced 
the form: 


which pressure, pounds per square foot, 

and velocity, miles per hour— 
many investigators have experimented, with view the determination 
values for the constant, For normal pressures against thin flat 

surfaces,* most the results indicate values between, 
These formulas, modified apply cylindrical surfaces, become 
The Berlin-Zossen high-speed tests, which wind pressures against 

trains were measured, gave the formula, 


0.0027 
and, using rounded “nose” the forward end, 
0.0025 


1903-04, Niagara Falls, Mr. conducted series 
tests stranded cable having span 950 ft. Dynamometers 
attached the center the cable gave direct readings the wind 
pressures occurring conjunction with velocities indicated 
Government standard anemometer, also placed the center the 
span, 


The following limiting conditions are noted: 


The maximum velocity observed was miles per hour 
cated). 
*See Report of the Special Army Engineer Board, U.S..War Department, Sept. 29, 1894, 


+’ The Use of Aluminum as an Electrical Conductor,” by H. W. Buck, International 
Electrical Congress, 1904. 


P V2 
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370 
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The single anemometer used registered the velocities the 
center the span, and gave indication the veloci- 
ties other points. 

probable that the stranded cable gave slightly higher results 
than would the case with solid wire. 


These tests give the following formula, 


Omitting from consideration the effects tornadoes and cyclones, 
necessary determine, assume, the maximum velocity the 
wind, for general practice for any particular locality. Many 
the results anemometer tests may regarded with suspicion, owing 
imperfect apparatus, being very probable that some previously 
recorded pressures should reduced from 25%, comparable 
with those obtained modern instruments. 

Table (U. Weather Bureau) shows the equivalent “actual” 
velocities corresponding those “indicated” anemometer readings. 


TABLE 
= 
Indicated Velocity, Actual Velocity,in Indicated Velocity, Actual Velocity, 
48.0 
9.6 55.2 
20 17.8 | 80 | 62.2 
30 23.7 90 | 69.2 
40 33.3 — 
40.8 *100 


The records the United States Weather Bureau—omitting tor- 
nadoes, cyclones, and violent gales occurring some particularly ex- 
posed situations—give maximum indicated velocity 100 miles 
per hour. The records Bidston Observatory (Liverpool, England), 
from 1884 1888, give, maximum ten severe storms, 
actual velocity miles per hour. 

Table shows the maximum velocities observed number 
stations the United States Weather Bureau: 


* Added by comparison. 


| 
| 
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TABLE 
Maximum Maximum 
Observatory. Period. Observatory. Period. Velocity 
Indicated. Indicated. 
1871-1907 90 Philadelphia, Pa....... 1872-1907 
Galveston, 1894-1908 Bismarck, Dak...... 1894-1908 
Eastport, Me........... 1873-1907 78 


Salt Lake City, 1894-1908 


Table shows the three highest indicated velocities recorded 
the United States Weather Bureau the New York City station, 
each year, from 1884 1906. The station was moved March, 1895, 
from the Manhattan Life Building the present location 100 
Broadway; the latter evidently more exposed position, shown 
the abrupt rise velocities after 1895. The maximum velocity 
miles per hour occurred during sleet storm. 


TABLE 
Maximum Maximum Maximum 
Year. Date. Velocity. Date. Velocity. Date. Velocity. 
5 Jan. 17 50 Dec. 7 50 | Mar. 10 48 
1 || Dee. 30 53 Mar. 14 45 Jan. 11 Ad 
8 || Aug. 29 54 Jan. 1 48 Oct. 13 48 
4 || Apr. 11 48 Oct. 10 48 | Jan. 12 43 
5 5. a 73 Mar. 28 64 | Aug. 4 62 
7 Jan. 18 60 Feb. 6 60 | Oct. 17 60 
1900 Oct. 16 76 Nov. 21 76 | Jan. 26 76 
4 Apr. 16 73 Sep. 15 68 | Mar. 8 65 
5 Dec. 10 64 Feb. 7 61 Apr. 10 56 
6 64 Jan. 6 61 Feb. 28 59 


Table record, months, the number different 12-hour 
periods during which maximum velocity miles, more, was 
observed the New York City station, from 1895 1906, inclusive. 
Inasmuch maximum occurring late one period and another 
early the following period are both entered, few the entries rep- 
resent the effects the same storm. 
Tables and indicate that, for the vicinity New York City: 
The maximum velocities occur during the winter months, when 
sleet may the wires. 
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Indicated velocities more than miles per hour will rarely, 
ever, occur during the life given structure. 
Indicated velocities from miles per hour may 

expected several times each year, though much less fre- 
quently conjunction with sleet. 
TABLE 


INDICATED VELOCITIES, IN MILES PER HOUR: 


60 | 61 | 62 | 68 64 | 65 | 66 | 67 | 68 70 72) 73 74 78 | 80 
ee 7 2); 2 1 6; 2 2) 2 2 3 1 Peer 31 
ee 3 1 2 2 1 1 1 1 8 1 | 1 17 
6 1| 2 3 1 1 1 18 
Totals,..... 26 8 8; 9, 18|10; 9 2; 5 4 10 3 4 4 1 1 122 


Assuming indicated velocity 100 miles per hour, actual 
velocity 76.2 miles per hour, Equations and become: 


per sq. ft. projected 
and lb. per sq. ft. projected 


while Equation becomes: 
per sq. ft. projected 


long spans, the maximum pressure one point may con- 
siderably excess the equivalent uniform pressure along the wire, 
while very short spans may exposed the maximum pressure 
throughout their length. the absence formula which the 
length span enters factor, Equation may regarded ap- 


proximately correct. 
view the rare, not improbable, occurrence velocities 


greater than miles per hour, “indicated,” and the further improb- 
ability such winds accompanying sleet storms, the sleet re- 
maining place, Equations and seem reasonable for gen- 
eral use. 
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per sq. ft. projected area bare (9) 
lb. per sq. ft. projected area in. thickness ice. 


STRESSES. 


The following mathematical treatment not new, but the writer 
has found the arrangement convenient: 


Ends Span Same Elevation. 


span, feet, 
load per linear foot plane wire, 
area wire, square inches. 
elongation change length, within elastic limit. 
perature. 
length, feet imaginary wire, cold (80° fahr. below 
normal temperature). 
length, feet, imaginary wire, hot (70° fahr. above 
normal temperature). 
Index subscripts.— 
subscript normal conditions, 
cold: 80° fahr. below normal dead load, 
cold: ice load dead load, 
cold: wind load dead load, 
cold: ice wind dead load, 
hot: 70° fahr. above normal dead load. 
the the vertical dead ice loads and the hori- 
zontal wind load. 
the resultant the vertical dead load and the horizontal 
wind load. 
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will give identical values ete. The tension that will give the 
same sag Equations and (independently) the tension resulting 
from that sag and the given loading. 


(70° fahr. above normal, with dead load.) 
(80° fahr. below normal, with dead ice wind loads.) 
(6) 
(80° fahr. below normal, with dead load.) 
L,, x 
(80° fahr. below normal, with dead ice loads.) 
L,, = L, (1 — 6 t,) = L,= L,, + ¢ 
(80° fahr. below normal, with dead wind loads.) 
L,, x 


(6) 
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TABLE 5.—STRANDED WIRE—STEEL (Galvanized). 


ULTIMATE STRENGTH. 


No. Area, 
Diameter. Gauge square 

i Siemens- 

Wires. inches. Martin, 

000 Ib. 
ee 7-11 0.0832 6 800 
0.0097 900 


High- Extra high 
tension, tension, 
125 000 Ib. 187 000 Ib. 
000 000 
100 500 
000 000 
000 500 
500 250 
100 100 
900 
100 600 
4100 100 
300 
300 
1500 


PER LINEAR Foot 
(VERTICAL). 


Dead 
Dead. in. 


1,132 
0.415 
0.715 
0.125 0.592 
0.095 0.542 
0.508 
0.082 0.421 


PRESSURE PER LINEAR 
Foot (HORIZONTAL). 


Loap PER LINEAR Foor 
(PLANE OF RESULTANT). 


Wind, at Wind, at 
Ib. 


per sq. ft. per sq. ft. 
2.344 
1.208 
1.167 2.188 
1,125 2.109 
1.083 2.081 
1.042 1,953 
1.000 1.87 
0.958 1.797 
0.917 
0.87 1.641 
0.854 1.602 
0.833 1.568 
0.812 
0.792 1,484 
0.771 1.445 
0.750 1,406 


Diame- | 
1,248 
1.790 
0.976 1.617 
0.988 1.567 
1.517 
0.860 1.468 


TABLE WIRE 
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(Hard-Drawn). 


Foot 


Area, in 


square 

inches. 

0.1662 211 600 
0.1318 167 800 
0.1045 133 080 
0.0829 105 530 
0.0657 83 690 
0.0521 66 870 
0.0413 52 680 
0.0828 41 740 
0.0260 83 100 
0.0206 26 250 
0.0163 20 820 
0.0130 16 510 
0.0108 13 090 
0.0082 10 380 
0.0065 

0.0051 

0.0041 

0.0081 


Area, in 
circular 
mils. 


PER LINEAR 
Foor (HoRIzONTAL). 


Ultimate 
strength, in 


LoapD PER LINEAR Foor 
(PLANE OF RESULTANT). 


in. ice. 


— 
SESz 


neo 


per sq. ft. 


in. ice. 


709 | 


Coefficient of expansion = 6 = 0,0000096 


per sq. in. 


Wind, 
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4 0.2043 | 1 960 785 
0.1019 490 195 
0.0720 245 100 
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TABLE (Hard-Drawn). 


515 


| pounds, 
0.963 | 0.5495 
0.891 | 0.4715 600 000 | 
0.728 400 000 
0.679 | 0.2750 850 000 
0.630 | 0.2860 
0.590 | 0.1965 250 000 
0 000 0.580 0.1662 211 600 } 9 970 3 990 
000 0.470 0.1318 167 800 7910 3 160 
00 0.420 0.1045 133 080 | 6 270 2510 
0 0.375 0.0829 105 530 4970 1990 
1 0,330 0.0657 83 690 8 940 1 580 
2 0.291 0.0521 66 370 | 8 130 1 250 
4 0.231 0.0328 41 740 } 1970 790 
(VERTICAL). (PLANE OF RESULTANT). 
Circular mils, | 
or B. & 8. At 8 lb. At 15 Ib. Wind, Wind, 
Dead. 
in. of ice. 
6 in. of ice. | in. of ice. | in. of ice. Win. of ice. 
750 000 2.288 8.220 1.333 2.499 
700 000 2.135 8.045 1.309 
650 000 1.983 2.871 1,285 
550 000 1,678 2,521 1.2387 
500 000 1.525 2.345 1,213 
100 000 1, 2% 1,984 1,152 (2° 
350 000 1.068 1,801 1.119 
250 000 0.762 1,440 1.060 
0 000 0.645 1,286 1.020 1.913 1.641 2.305 
000 0.513 1.116 0,980 1,838 1.485 2.150 
00 0.406 0.978 0.947 1.775 1.361 2.026 
0 0.822 0.866 0.917 1.719 1.261 1,925 
1 255 0.771 0.887 1,668 1.175 1.883 
2 0,208 0.695 0.861 1.614 1.107 1.757 
8 0.160 0.633 0.841 1.576 1.053 1.698 
4 0.127 0,582 0.82 1.539 1,006 1.645 


q ij 
Ultimate strength 000 Ib. per sq. in. 
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TABLE 


| 
| 
| 
| 


square inches. 


0.996 0.5892 
0.968 
0.928 0.5102 
0.4715 
0.854 0.4318 
0.814 
0.772 0.3523 
0.679 0.2750 
0.567 0.1965 
0 000 0.522 0.166 
0.464 0.1318 
0.414 0.1045 
0.368 
0.328 0.0657 
0.291 0.0521 


3 <3] 
800 000 | ...... 60% 
750 000 ee 
700 000 12 640 eoacve 
650000 
600 000 
550 000 
509 000 9025 | ..... . 
450 000 
225 | 
5 430 
2510 
1575 | 
990 | 


LoaD PER LINEAR Foot 


(VERTICAL). 
Circular 
or 
3. & S. 
gauge. Dead 
Dead. - 
800 000 0.736 1,691 
750 000 0.690 1,620 
700 000 0.644 
650 000 0.598 
600 000 0.552 1.417 
550 000 0.506 1.348 
500 000 0.460 1,278 
450 000 0.414 1,205 
400 000 0.368 1,130 
350 000 
300 000 
250 000 0.230 0.894 
0 000 0.195 0.831 
000 0.155 0.755 
00 0.122 0.691 
0 0.097 * 0.687 
1 0.077 0.592 
0.061 0.553 
3 0.049 0.522 
0.494 


PRESSURE PER LINEAR 
Foor (HORIZONTAL). 


per sq. ft. 


ice. 


261 


236 


x 


| 
| 
| 


Factor of 
= 2h. 


safety 


1810 


1265 per sq. in. 


| 


per sq. ft. 
\ in. of ice. | %& in. of ice. | in. of ice. 

2.364 
2.318 

| 2.268 

2,215 

2.156 

| 2.099 
2.026 
1,959 
1,902 1,312 
1,830 1,234 
1,768 1.168 
1.710 1.112 
1,660 1,065 
1,614 1,023 
1,576 0.990 


37 wires. 


19 wires. 


7 wires, 


LOAD PER LINEAR Foor 
(PLANE OF RESULTANT). 


Wind, 


 % | | | | | 
| | | 
* | 
| 
‘ 5 420 
| 5 050 
4340 
‘ | 8970 
| 8610 
| 8240 
| 2890 
| 2530 
2170 
1000 
| 
500 
| 395 
4 i | 
9 
1 
1 
5 
0.976 
0.912 
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24 nier Dead in.of Ice 


Feet. 


160 180 200 220 260 300 320 340 360 400 
Span,in Feet. 
Fria. 1. 


ANCHOR INSULATOR 


Note: 
Cap to be lined up properly and cemented to Insulator. 
Neither the Cap nor Cap-cement to rest on Petticoat. 

All parts to be galvanized, except inside of Cable-clamps, 
Soft Copper Bushing around the wire in the Clamp, 

Soft Copper Shield around the wire over the Insulator. 
Serving wire No.12 B.and S,Copper. 

All edges and corners to be rounded, particularly at ends 
of Clamp and Cap grooves 


Fig. 2. 


Fig. shows set curves giving the approximate normal sags 


required for hard-drawn, solid, copper wire, when the maximum ten- 
sion limited one-third the ultimate strength. 


RMAL SAG REQUIRED 
one-thir the ultimate stren; th. 
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Figs. and show two types anchor insulators, which two 
more insulators withstand the tension the span, and which 
auxiliary attachment provided case failure the insulator. 


ANCHOR INSULATOR 


NOTE:- 
_Number of Insulators varied 
to suit Wire-Tension 


Fia. 3. 


SPECIFICATIONS FOR OvERHEAD TRANS- 
MISSION-LINE CROSSINGS. 


General Requirements. 


Drawings.—Complete drawings shall furnished, duplicate, 
for approval before construction commenced. 

General drawings shall contain full information covering stresses, 
span, normal sag, size and material wires cables, voltage, eleva- 
tion the points support from the top the rail, and the maxi- 
mum sag and consequent clearance above the top the rail. 

Detailed plans, covering insulators, pins, clamps, and their 
supporting construction and foundations, shall furnished for ap- 
proval. 

After approval, (.......... complete sets drawings shall 
furnished for file, and, when the construction the expense the 
Railroad Company, the original tracings shall forwarded for file. 

clear distance any part the construction from 
the center line the track, and the clear head-room above the top 
the rail, shall specified the proper official the Railroad 
Company, but the clear head-room shall not less than ft. nor less 
than ft. above any existing wires, such clearance obtain under the 
maximum deflection due loads and temperature. 


Minimum side top clearance between wires and superstructure.15 in. 
Minimum side clearance between insulators and in. 


‘ 
Clamp 
Steel Plate, | Nex al 
| 
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Spans.—The spans immediately adjoining the crossing span shall 
slack spans. Poles towers the ends crossing spans and 
self-supporting. Double cross-arms (or approved substitute), in- 
sulators, clamps, etc., the ends crossing spans and slack spans 
shall designed prevent the wires from pulling through 
case failure adjoining span the support. 

Condition structure shall designed with- 
stand, with the allowable factor safety, the combined effect the 
dead, ice and wind loads, and self-sustaining under the following 
conditions loading: 


(1) Dead ice wind adjoining spans. 

(2) Dead ice wind one span and dead load adjoin- 
ing span. 

Loads.— 

Dead load, weight the material; 

Ice load: Weight ice in. thick all around exposed members. 
Weight ice, 0.033 Ib. per cu. in. 

Wind load: Wind pressure wires other cylindrical sur- 
faces, lb. per sq. ft. projected area, such area being 
taken the increased figure due ice in. thick. 

Pressure flat surfaces, lb. per sq. ft. 


Factors safety, under the combination 
loads giving the maximum stress, shall follows: 


Insulators, pins, clamps, steel cross-arms and connections. 
Wooden superstructure and cross-arms..... 


Temperature.—In the determination stresses and clearances, and 
erection, provision shall made for change temperature 
70° fahr, above and 80° fahr. below normal temperature 
60° fahr. 

Thickness metal the superstructure shall 
not less than in. thickness. 

Radius Gyration.—The length any compression member shall 
not exceed 150 times its least radius gyration. 

Connections.—Connections, generally, shall develop the full strength 
the member, and shall designed avoid, far possible, in- 
duced stresses due eccentricity. 

Net calculating tensile stresses, allowance shall 
made for reduction area, due rivet holes (adding in. the 
nominal diameter), screw threads, etc. 

shall machine-driven, wherever practicable. 
Loose defective rivets shall carefully eut out and replaced; 


= 
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necessary, avoid injuring the material, they shall drilled out. The 
diameter the finished rivet hole shall not more than in. 
greater than the diameter the cold rivet. 

Bolts.—Bolts shall not used place rivets, except speci- 
fied; and when used, the holes shall reamed and the bolts made 
close fit. 

Straightening.—All material, when necessary, shall carefully 
straightened the shop before assembling. 

Drainage.—Pockets, such enclosed column footings, shall have 
drain holes, and shall filled with water-proof material (or concrete), 
both, may required. 

and guy wires, insulator pins, clamps, 
shall galvanized. Structural-steel poles shall galvanized 
approved manner, shall painted, provided below. 

Painting.—Structural steel shall thoroughly cleaned the shops 
and given one good coat linseed oil. All surfaces coming con- 
tact assembling shall given one coat approved paint. Parts 
which will inaccessible after erection shall receive two shop coats 
approved paint. All machined surfaces shall coated with white 
lead and tallow. After erection, all steel shall given two coats 
approved paint. Painting shall not done during rainy weather, 
when the surface the metal wet. All dirt, cinders, oil blisters, 
shall removed before painting. 

Weight.—A variation, section weight materials, more 
than 23% will sufficient cause for rejection, except that sheared 
plates may vary according the allowances the manufacturers’ 
standard. 

Foundations.—The foundations shall designed resist over- 
turning, assuming: 


Angle friction 33° with vertical. 


Foundations, general, shall extend above the ground pro- 
tection the lower part the structure; otherwise, the depth and 
spread foundations shall governed the local conditions. 

Guys.—Guy wires shall have efficient anchorage, and pro- 
tected, extra strength, the ground level. 

are not furnished, but the crossing shall 
designed for their possible future installation. 

timber shall the best quality the kind 
and use specified, cut from sound trees, and sawed size; close- 
grained and solid, and out wind; free from defects, such injuri- 
ous ring shakes, crooked grain, large, unsound loose knots, knots 
groups, decay, large pitch pockets other defects which would 
materially impair its strength. 
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TABLE MATERIALS, PouNDS PER SQUARE INCH. 


| 


Medium steel ......... 000 


Shop rivets and pins..’ ...... 


Field rivets and bolts.. 
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TABLE ETC., STEEL AND IRON. 
Medium, open-hearth, structural steel. . -| 0.06% 0.04% | 0.05% 68 000 to 50 22 50 
cold, 
Soft, open-hearth, structural steel. ...... 0.06% 0.04% 0.05% = to | 50 25 50 
t. 
! 
| ‘ 48 000 | 
( ld, 90° 
Open-hearth cast steel, annealed......... 0.08% 0.05% 0.05% } 50 20 ~ diameter = 
ys} * Cast iron, unless otherwise specified. shall be tough, gray iron. It shall be free from flaws and excessive shrinkage. Tests on the 
Arbitration (1} in., circular, and in. long), with supports in. apart, shall show deflection 0.10 in. for center load 900 Ib. 
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Each wooden pole tower shall set concrete base. 
Poles shall the first quality, with minimum diameter 
in. the top, and within the following limits wind: 


ft. long—not more than in. 
40 to 50 “ “ ao “ “ 4 “ 
50 to 60 “ “ “ “ 5 “ 


Cross-arms, bearing surfaces, and the surfaces notches, etc., 
shall treated with paint preservative. 

Adjustment.—The sag given the catenaries erection shall ad- 
justed the temperature the wires, that is, shall that corre- 
sponding the dead-load tension the given span the temperature 
the wires. Particular care shall exercised adjusting insu- 
lators, clamps, obtain the desired distribution stresses. 

Workmanship.—The workmanship the various classes con- 
struction involved shall conform the requirements first-class 
practice. 

more insulator units, may required, shall 
assembled complete and mechanically tested destruction. 
sulators shall tested accordance with special instructions 
given. Insulators caps shall not cemented during freezing tem- 
peratures. 

Reasonable notices the proposed tests shall given the ......., 
and his representative shall given every facility for witnessing them. 

all cases full test reports shall forwarded. 


CoNCRETE. 


The proportions the materials the concrete shall called 
for the drawings, and the proportioning and methods mixture 
shall required the Engineer. 

Cement.*—All cement used the work shall approved brand 
Portland cement. The specific gravity the cement, thoroughly 
dried 100° cent., shall not less than 3.10. shall leave, 
weight, residue not more than the No. 100 and not more 
than 25% the No. 200 sieve. 

shall develop initial set not less than min., but must de- 
velop hard set not less than hour nor more than hours. 

Tensile Strength—The minimum requirements for tensile strength 
for briquettes in. square section shall within the following 
limits, and shall show retrogression strength within the periods 
specified 

Neat cement: 

days day moist air, days water) 450 550 
days day moist air, days 


* Joint Committee on Concrete and Reinforced Concrete. 


a 
a 
| 
4 
* 
d 
‘ 
| 
¢ 
q 
ag 
wy 
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One part cement, three parts sand: 


days day moist air, days water) 150 200 
days day moist air, days 


Constancy Volume.—Pats neat cement about in. diameter, 
in. thick the center and tapering thin edge, shall kept 
moist air for period hours. 

(a)—A pat then kept air normal temperature, and ob- 
served intervals for least days. 

(b)—Another pat kept water maintained near 70° fahr. 
practicable, and observed intervals for least days. 

(c)—A third pat exposed any convenient way atmos- 
phere steam, above boiling water, loosely-closed vessel, for 
hours. 

These pats, pass the requirements satisfactorily, shall remain 
firm and hard, and shall show sign distortion, checking, crack- 
ing, disintegrating. 

Sulphuric Acid and cement shall not contain 
more than 1.75% anhydrous acid (SO,), nor more than 
magnesia 

sand shall hard, clean, coarse, and sharp, and shall 
not contain more than 1.5% clay other foreign matter. re- 
quired the Engineer, shall screened. 

Stone.—All stone shall sound, hard, and durable, and free from 
dirt and foreign matter, and shall pass through ring in. 
diameter. 

Consistency.—The degree moisture for mortar, grout, con- 
shall required the Engineer; general, mortar shall 
plastic, grout fluid, and concrete such consistency that will 
when being deposited. 

Mortar, grout, concrete which has commenced set shall not 
used the work. 

Placing.—Concrete shall deposited the work that there 
will separation mortar and stone. shall laid quickly 
layers, and spaded may required. Rock surfaces shall thor- 
oughly cleaned, and earth surfaces shall compacted satisfactory 
manner, before concrete deposited against them. Surfaces con- 
crete against which fresh concrete laid shall cleaned and 
slushed over with grout, and shall provided with bond required 
the Engineer. 

Forms.—Forms shall substantial construction, and designed 
preserve the concrete the form required the drawings. All 
exposed surfaces concrete shall true form and surface. 
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GENERAL CLAUSES. 


facility for the inspection materials and workmanship 
shall furnished the contractor; shall furnish proper testing 
apparatus, and shall prepare and test such specimens may re- 
quired. 

2.—All work shall subject the inspection and approval 
the Railroad Company’s Engineer, and his interpretations the draw- 
ings and specifications, and his decisions the quantity quality 
the work, shall final and conclusive. 

contractor shall remove all falsework, timber, rubbish 
incident his operations, and shall leave the site unobstructed and 

4.—The contractor shall bear the cost any suit which may arise, 
and shall pay all damages which may awarded consequence 
the use said contractor any patented device the construction 
any work under these specifications. 

5.—The contractor shall obtain all necessary permits, and shall 
essume all risk accidénts men materials prior the accept- 
ance the finished structure. 


The adoption electric traction, under the operating conditions 
prevailing the present steam roads, introduces demand for 
more substantial type construction than was necessary for the so- 
called trolley lines. 

Short spans with many supporting poles near the tracks are ob- 
jectionable appearance, are menace train hands, and are likely 
injured derailments. With four more tracks, standard 
spacing, poles between tracks will rarely permitted the United 
States, though such arrangement has been used abroad. Simi- 
larly, the superstructures must self-supporting, free from guys 
parallel the track. Guys right angles the track may per- 
mitted some localities, but may not allowable others, ac- 
count limited right way. 

Assuming, for present purposes, that men must permitted 
stand the tops cars, and that overhead clearance must given 
for wrecking cranes and public crossings, the following clearances 
must maintained: 


| 
4 
of 
q 
4 
4 


526 OVERHEAD CONSTRUCTION FOR ELECTRIC TRACTION 


Minimum clear headroom from top rail trolley wire. .22 ft. in. 


“ “ “ “ “ “ “ “ power “ Ly 22 “ 0 “ 
Minimum clearance from center line main track....... 


Superstructures may divided into three classes: 


(1)—Two posts bents supporting transverse span wire; 
(2)—Two posts bents supporting transverse truss; 
(3)—Single post bents supporting cantilever brackets. 


these, the first has been used various interurban roads, while 
the recent New York, New Haven and Hartford Railroad installation 
the most prominent illustration the second. The third, which 
heavy type the present trolley line construction, has not been 
used the United States, though now use Germany, Swit- 
zerland and Italy, under more favorable operating conditions than 
generally obtain steam roads America. 

Comparing Classes and the former has the following advan- 
tages: has greater rigidity and strength, better adapted the 
erection catenaries, and permits the telegraph and telephone cables 
widely separated from the power wires. the other hand, 
Class offers less obstruction along the tracks, with decreased prob- 
ability injury from derailment; less interference with stations, 
platforms, etc., and permits the addition tracks without alteration 
existing construction. 

While two-track bridges can made comparatively shallow, the 
depth necessary for four tracks becomes great enough ob- 
struction the view upright signals, and the foreground inter- 
mediate trusses will obscure the engineer’s view approximately 
ft. 

Catenaries, the supporting spans for the conductor, are two 


general classes: “single,” having one messenger cable, with with- 
out intermediate “secondary” cable; and “double,” which the 
conductor hung triangular hangers from pair messengers. 
The former type merely the interurban trolley construction 
larger scale, while the advocates the latter consider greater rigidity 
desirable. the present time, these two types have not been suf- 
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ficiently tested operation under severe conditions make possible 
definite decision favor either. Subject the successful operation 
the trolley pole pantagraph frame, connection with the more 
flexible single catenary, the writer believes the single catenary 
the better type. The single catenary presents better appearance, 
offers less obstruction the view signals, and costs less, both orig- 
inally and maintenance. will found advisable avoid 


! 


many small parts, particularly those thin section, catenary con- 
struction, inasmuch as, while the need maintenance should small, 
the cost will relatively high. Work the ground can done much 
more cheaply and easily than that necessitating work train with 
telescoping platforms and right use the track. 

Fig. shows the construction used several foreign roads. 
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catenary construction composed main 
messenger cable, from which hung secondary messenger, from 
which turn the trolley wire suspended. The main messenger 
consists single catenary, about in. diameter, 7-strand, high- 
tension steel, the normal stress being about 1100 with ultimate 
strength 11000 about 140000 Ib. per sq. in. The secondary 
messenger solid steel wire having diameter about 0.236 in., 


normal tension about 220 and ultimate strength 200 
about 140000 per sq. in. The trolley wire grooved, hard-drawn 
copper, having area about 0.155 sq. in. (approximately No. 0000 
trolley wire), with ultimate strength 800 and maintained 
normal tension about 1100 counterweights intervals 
about mile. 

The hangers attaching the trolley wire the secondary messenger 
are about in. long, and are looped over the messenger, but not fast- 
ened it. There allowance in. the loop, that the 
trolley wire and hanger can rise vertically, for in., without rais- 
ing the messenger. The hanger itself rigid, and grips the groove 
the trolley wire. Counterweights, maintaining constant normal tension 
the trolley wire, are spaced intervals about mile, which 
points the trolley wires lap past each other anchor span, each wire 
passing around pulleys and being attached counterweights the 
post. This arrangement also used combination section-break. 

Catenaries are zigzag the center line the track, with dis- 
placement about per span between the ends. Care taken 
erect catenaries with the center the span the center line 
the track, order prevent the trolley wire from approaching too 
close the ends the pantagraph bow. 

Turnouts are simple design, having additional contact wires 
(gridiron). Turnout catenary and trolley wires are independent spans, 
and are pulled over into position adjoining the main span. Pull-off 
posts are used curves, and the main spans are not reduced ac- 
count curvature. Steady strains are placed each post, and have 
adjustable connection the short hanger between the secondary 
messenger and the trolley wire. 

The support for the main messenger insulators light construc- 
tion, and not designed resist unbalanced pull. This construc- 
tion will made stronger future work. 


. 


OVERHEAD CONSTRUCTION FOR ELECTRIC TRACTION 529 


The advantage claimed for catenary this type, apart from the 
reduced cost, extreme flexibility. The counterweighted trolley wire 
maintained constant tension, while being free move vertically, 
and therefore presents fewer hard spots against the pressure the 
trolley. the trolley wire tension and the pressure from the bow 
are carefully adjusted, the wire might said hang from the bow 
and free move and down, within limits, being supported 
the passing shoe. 

superstructure consists two-track contilever 
brackets having guy from the outer end the bracket the top 
the post. The posts also carry seven power wires, and are composed 
two channels with flanges turned inward, with single lacing between 
the webs the channels. The cantilever bracket arm 
with long curved knee-brace, light channels being used for both mem- 
bers. The post channels are embedded the concrete foundation. 
The entire construction very light, and not capable resisting 
loads broken wires without distortion and without de- 
pending adjoining wires exerting supporting reaction. 


Dimensions.— 

Distance trolley wire from top rail..... 
Distance from center track center 

Intermediate span secondary messenger 


Two trolleys are used each motor and, the overhead con- 
struction very flexible, the bow maintains contact all times, al- 
though ean, and does, deflect the trolley wire vertically. trouble 
has been experienced running past turnouts speed miles 
per hour, and confidently expected that there will trouble 
higher speeds, The contact shoe lasts for about miles. 

the Midland Railway, England, and other foreign roads, 
type construction similar the foregoing, but with the following 
modifications, about installed: 
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Main high-tension steel; sq. mm.; ulti- 


mate strength, 100 kg. per sq. mm. (0.1007 sq. in., 


140 000 Ib. per sq. in.). 
Secondary messenger—solid steel wire; mm. diameter; 


ultimate strength, 100 kg. per sq. mm. (0.0514 sq. in., 
140 000 Ib. per sq. in.). 


TWO-TRACK BRACKET 


FOR 
SINGLE CATENARIES 


-S 


Fia. 5. 
Superstructures are preferably the bridge type, instead 
cantilever brackets, the overhead “trusses” being light -beams (prob- 
ably channel construction) with supporting guys the top the 


SZ 
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A-frame posts, and with intermediate posts between the tracks where 
number additional tracks are spanned. 

The main catenary insulator supports will strengthened, and the 
construction will consist insulator supported the “truss,” with 


TWO-TRACK BRACKET 
FOR 
SINGLE CATENARIES 


> 


r 
r--- 


gooseneck carrying another insulator projecting each side. The 
main messenger wire will dead-ended the insulators the outer 
end the gooseneck. 
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The writer suggests the types construction shown Figs. 
and will noted, these designs are arranged carry heavy 
power, telegraph and telephone lines, and may two types: 
(1).—Cantilever brackets intermediate points, with anchor 
and signal bridges spaced about 3000 ft. apart. 
(2).—Bridges for both intermediate and anchor supports. 


OX 


ry Clearance? 

| Diagram ) 
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Data. 


Spans 300 ft., 

Single catenaries, 

Signal and anchor bridges spaced ft. apart, 
Power wires (250000 stranded copper, 
Two 40-pair telephone cables, 
Two 25-wire telegraph cables, 
No. 0000 trolley wire, 
Voltage, 000. 


4 
TWO-TRACK BRIDGE FOR 
SINGLE CATENARIES.UPRIGHT SIGNALS 
| 
Fra, 8. 


ih 
533 


534 OVERHEAD CONSTRUCTION FOR ELECTRIC TRACTION 


Clearances.— 
Minimum clearance, top rail trolley wire..22 ft. in. 
: “ “ “ “ “ power wires .22 “ 0 “ 
“ “ “ “ “ telegraph or 


(except overhead street bridges, etc.) 
Minimum spacing, center center power 
« 
Minimum uninsulated clearance between wires 
Minimum side clearance between insulators and 


Minimum Side Clearance from Center Track.— 


Yard running track. 


Ice in. thick all around exposed members; weight 
ice 0.033 per cu. in. 


Wind 
8.0 Ib. per sq. ft. projected area ice-covered wires. 
12.0“ projected area wires without ice. 
20.0“ flat surfaces. 


Conditions Loading.— 

(1).—Dead ice lb. wind adjoining spans. 
(2).—Dead ice lb. wind one span; and dead ice 
(3).—Dead wind one span, and dead wind 
adjoining spans. 
(4).—Dead ice one span, and dead adjoining spans. 


Factors 

Telegraph and telephone 
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Ground Wire.—A suitable galvanized, stranded steel wire shall 
suspended parallel and over the group power wires. The ground 
wire need not the apex 60° triangle enclosing all the wires. 

Thickness metal all steel superstructure shall 
not less than in. thickness. 

stresses and clearances, and erection, for change temperature 
70° fahr. above and 80° fahr. below normal temperature 
60° fahr. 

are not used place rivets, except speci- 
and when used the holes are reamed and the bolts made 
close fit. 

wires, guy wires, clamps, insulator pins, 
ete., are galvanized approved manner. 


Unit Stresses.— 


Shear: Shops rivets and pins......12000 per sq. in. 
Field rivets and bolts...... 
Bearing: Shop rivets and pins..... 
Field rivets and bolts....18000 


Bearing concrete foundation.... 350 


necessary economical design, would logical 
assume higher unit stresses apply the case broken wires, 
such incidents being presumably very rare occurrence. seems 
unreasonable design the entire line with the normal factor 
safety for condition that will certainly never occur the whole line, 
and may never occur any it. 

assumed that the trolley messenger cables, having factor 
safety under maximum loading, will not break except when 
burned, and that such burning will not occur under ice and wind load. 
The result such accident would rotate the brackets, break 
some insulator clamps, and probably stop traffic one 000-ft. section, 
not cause failure the steel superstructure. 

The connection telephone and telegraph cable messengers should 
made swinging hangers, which will allow alterations adjoining 
span lengths, and thereby balance unequal tensions adjoining spans. 
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Cantilever brackets supporting catenaries should designed with 
pivoted pin-ended connections, order permit horizontal mo- 
tion the brackets, and balance any unequal tension the adjoining 
spans. 

The condition unequal loading adjoining spans, due local- 
ized ice wind loading, does not appear have been considered 
all designers. The conditions loading given the specifications, 
which include reasonable unbalanced loading, will certainly occur, 
and should considered. careful arrangement outline, 
swinging connections for telephone and telegraph cables, and small 
amount post deflection, the effect this unbalanced loading the 
steelwork may reduced approximately the same amount that 
ice and wind two adjoining spans, which condition loading 
generally accepted. 

form the steel supports will depend 
local conditions and the line requirements, and may properly 
bridges, cantilever brackets, span wire construction, and may 
either built sections pipe construction. 

Foundations.—All foundations should concrete. 

Trolley Catenaries.—Catenaries, namely, the self-supporting spans 
trolley wire, the supporting spans for non-self-supporting trolley 
wire, are three general classes: 


(1).—“Simple span trolley wire; 

(2).—“Single catenary,” having one supporting messenger cable, 
with without intermediate secondary mes- 

(3).—“Double catenary,” which the trolley wire hung 
triangular hangers from pair messengers. 


Simple catenaries, the type now use the various trolley 
roads, are only available for short spans, because the copper trolley 
wire cannot withstand the stresses long spans with small sag. 
modification the ordinary hanger, Joseph Mayer, Am. Soc. E., 
has designed type simple catenary which, claimed, reduces 
the stresses the wire allowable units. 

Simple catenaries and single catenaries, unless provided with lateral 
guys, are subject criticism the score lateral displacement from 
wind pressure. Such displacement, amount sufficient carry the 
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trolley wire beyond the range the contact bow, can only occur locally 
during severe wind storms. If, however, locomotive should 
given span during such displacement, the contact bow would probably 
rise above the wire and, catching above it, torn off. 

Double catenaries seem the writer less desirable than the 
foregoing types, for the following reasons: 


(1).—Greater first cost catenaries, insulators, and supporting 
steelwork 

(2).—More members maintain, and these construction 
more difficult maintain; 

(3).—Greater mass material above the tracks, with more 
unsightly appearance; 

(4).—More obstruction the view signals, and the loca- 
tion signal posts; 

(5).—The greater rigidity the trolley wire does not seem 
point favor double catenaries, but, the 
contrary, cause sparking the contact bow. 


Assuming, then, that either “simple” “single” catenaries are de- 
sirable, necessary determine which one the following 
types best suited meet the conditions first-class traffic: 


catenary (Mayer’s saddle suspension) 

(2).—Single catenary; 

(3).—Single catenary with secondary messenger (German 
method). 


The writer does not consider that, yet, definite decision can 
made favor any one type, particularly the result experience 
under actual operating conditions the only satisfactory proof. 
not necessary obtain some saving first cost, which must rela- 
tively slight, but very important obtain construction fulfilling 
certain requirements. 

The maximum stresses catenary trolley wire produced ice 
and wind loads, temperature changes, the pressure the contact 
how high speeds, should not exceed safe percentage the elastic 
limit the material. There should sufficient lateral and vertical 
rigidity prevent ut.due displacement from the pressure the con- 
tact bow. The weight, sag, and factor safety may chosen 
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reduce somewhat the likelihood lateral displacement from wind 
pressure, otherwise the relative importance providing lateral rigidity 
considered. 

The trolley wire should have some flexibility, order maintain 
contact with the collector shoe, unless, seems improbable, support 
for the collector shoe can devised which will adjust itself all in- 
equalities the trolley wire. will necessary eliminate, far 
possible, the formation “hard spots” the trolley wire, due 
the hangers. Local bends may the cause sparking, whether they 
are formed during erection, displacement, the contact 
pressure. Simple details, readily replaced, and avoiding the use thin 
metal sections, will materially reduce the cost maintenance. 

successful type catenary should adapted changes 
elevation caused overhead street bridges, without introducing marked 
differences the action the contact bow against the trolley wire. 

Pantagraph, Supporting Frame for the 
very close relationship between the characteristics trolley wire 
and those necessary pantagraph frame which will work success- 
fully that wire. 

The use two pantagraphs, two collectors, per locomotive will 
materially reduce trouble from sparking, simultaneous jumping 
both being improbable. 

The ideal type pantagraph supporting frame would one 
having rigidity against lateral and longitudinal wind pressure, sim- 
plicity construction, flexibility, little mass equivalent weight press- 
ing against the trolley wire, and the same time the ability main- 
tain contact. 

Aside from the sparking the contact, the possible wear the 
trolley wire and the pantagraph frame, successful design should 
keep the wear the contact shoe within reasonable limits. 
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DISCUSSION. 


Mayer, Am. Soc. E.—This paper, the main, 
interesting collection data and tables, useful the design 
overhead contact and transmission lines, 

The tables wind velocities and pressures are especially useful 
for forming correct opinion the actual pressures. More stress 
might laid the fact that the observations the Weather Bureau 
are made the tops high buildings, while the transmission lines, 
and especially the contact lines, are near the surface the ground, 
where the wind pressures are much less. would also reasonable 
assume less ice the contact wire than steel carrying strands, 
especially lines large traffic. Mr. Coombs’ recommendations, 
regard wind pressures and unit strains, are generally reasonable. 
His paper, however, common with most writings the same sub- 
ject, suffers from insufficient consideration the bending strains 
the wires. many designs, these bending strains are greater than 
the tensions, and their neglect leads inevitably the selection un- 
safe designs. They vary greatly amount that they cannot 
provided for neglecting them and adopting large, but uniform 
factor safety. 

Mr. Coombs suggests for discussion suspension from single 
steel strand with 300-ft. spans and distance ft. from the points 
suspension the strand the wire. Taking the wire horizontal, 
and the highest temperature, this, with distance in. from 
the lowest point the strand the wire, gives maximum vertical 
deflection ft. for the strand. prefers this the double 
catenary and strandless suspension. What justifies this preference, 
and what makes superior suspension 

have adequate conductivity, the wire must copper; give 
smooth path for the bow, must solid; impossible 
make straight, but, under the pressure the sliding bow, especially 
with high train speeds, must have large minimum radius verti- 
cal curvature. The wire should not deviate horizontally far from the 
center line track, or, hung the side, from line parallel it. 
must remain safely suspended under the influence its weight and 
that sleet, the wind pressure, the pressure the sliding bow, and 
the changes temperature. The wire and its supporting structure 
should interfere little possible with the view the signals. 
These ends should attained the simplest means, entailing the 
least cost construction and maintenance. The bow lifts the wire, 
and the curvature its motion, and not that the freely hanging 
wire, must considered. the wire supported short intervals, 
lifted the passing bow positions above its supports; these 


Mr. Mayer. 
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are rigid, the bow, high train speed, oscillates rapidly and 
Excessive bending strain the wire, and jumping the bow, with 
sparking, may result. 

ascertain whether the bow will run smoothly, its equivalent 
weight, the train speed, the cross-section the contact wire and its 
tension, the distance apart the suspenders, their weight, and that 
the carrying strand, and the nature the connection the wire 
the suspenders must known. For high train speeds, small 
equivalent weight the bow essential. Long bows are inevitably 
heavy; high train speeds, therefore, require short bows and small 
lateral deflections the contact wire. The equivalent weight the 
bow, however, depends even more the design adopted than its 
length. smooth running called for, high speed, with in- 
ferior heavy bow, short spans are inevitable with all suspensions. The 
rapid vertical oscillation the bow avoided the strandless and 
the Siemens-Schuckert suspension described Mr. Coombs. 

the strandless suspension, with long spans, there large 
change the direction motion the bow the infrequent sus- 
penders; make this practicable high speed, the curvature this 
motion must chosen that where convex downward the bow 
will not jump, and where convex upward the wire nor the 
bow nor the suspender will suffer from the increased pressure. all 
suspensions there are large changes the direction motion 
the bow low overhead crossings and tunnel entrances, and some- 
times grade crossings. With inferior, heavy sliding bows, perfect 
design the contact line for high speeds these points difficult 
impracticable. suspender fitted change the variable direction 
approach the sliding bow into another variable direction its 
departure, transition curve large least radius all tempera- 
tures, here needed with all suspensions. 

obtain safe wire, its maximum strain must nowhere and 
never exceed about three-fourths its elastic limit. exposed 
bending strains and tensions. The former are often much larger 
than the latter. catenary suspensions, large grooved copper wire, 
about 0.3 in. wide and 0.6 in. height cross-section, suspended 
from steel strands made very small wires. The copper wire has 
ultimate strength from 50000 60000 the steel wires, 
140 000 Ib. more. The modulus, copper wires 000 000, 
that steel strands lb. per sq. in. solid section. 
evident that the bending accompanying changes vertical and 
horizontal deflections will produce much more serious bending strains 
the large and weak copper wire than the small and strong steel 
wires. For calculating them, the vertical and horizontal deflections 
the wire under all conditions load, wind pressure, pressure the 
sliding bow, and changes temperature must determined. 
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easy provide steel ropes strong enough carry the wire, the ice Mr. Mayer. 
loads, and the wind pressures. The main difficulty arises from their 
expansion and contraction caused changes temperature and ten- 
sion. These and the wind pressures cause lateral and vertical curva- 
ture the contact wire. Both the deflections and the drop tem- 
perature increase its tension and produce certain points large bend- 
ing strains. determine the degree safety the various sus- 
pensions, the largest bending strains and tensions the contact wire 
and the ropes must calculated. With regard obstruction the 
view the signals, the fewer ropes, suspenders, posts, and bridges 
brackets, the better. 

For judging the suspension suggested Mr. Coombs these 
standards, and for finding whether sufficiently rigid suit- 
able for use with sliding bow that will run smoothly high speed, 
and sufficiently strong resist with adequate safety the incident 
the size the steel strand and the distance and nature the 
suspenders must reasonably assumed, and the deflections and con- 
sequent bending strains and tensions calculated. 

Following Mr. Coombs’ specification, steel strand ample, 
and weighs 0.89 per ft. span. The 0000 copper wire weighs 
0.64 and gas-pipe suspenders, ft. apart, about 0.33 giving 
total weight 1.86 Ib. per ft. span. Ice in. thick all parts 
weighs 1.63 giving total weight, with ice, 3.49 lb. per ft. 
span. Taking the wire consist approximately two wires 
directly above each other, 0.65 in. high and half wide. The 
wind pressure the bare metal wire suspenders and strand, taking 
per sq. ft. all through, 1.63 and that the ice-covered 
structure, with per sq. ft., 2.57 Ib. per ft. span. Assuming 
tension 1000 the contact wire, the lateral deflection the 
wire, maximum temperature, 3.15 ft. This assumes that 
the wire held the ends the spans steady braces. these 
were absent, the lateral deflection would much larger and the 
needed sliding bow would altogether impracticable. 

Where sliding bows are used, the wire must run alternately the 
right and left the center line track distribute the wear 
over considerable length the bow. Taking the lateral displace- 
ment the wire the brackets ft., and allowing ft. for the 
lateral vibration the sliding bow, the latter must 6.96 ft. long 
the wire, with the strongest winds assumed. sliding bow 
this length, which will not jump the suspenders, with moderate 
train speeds, can designed. 

For the highest present steam railway speeds, much larger ten- 
sion the contact wire more frequent suspenders are needed 
prevent jumping and sparking, with the usual connection the wire 
the suspender. Jumping and sparking might also prevented 
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contrivance allowing the wire rise the suspenders, without 
lifting them, when the sliding bow passes. With steady braces, which 
are practically unavoidable with this design, the wire carries, 
maximum temperature, 0.49 lb. the total wind pressure 1.63 
per ft., the steady braces, and its tension thereby increased. 
Much more serious the bending strain the wire the clamps 
which connect the steady braces. These clamps may designed 
avoid bending strain the wire maximum temperature without 
wind. this the lateral bending strain the wire the end 
the clamp, highest temperature and wind pressure, 300 
per sq. in. For the wire here assumed, this bending strain given 


pounds per square inch, and the tension the wire. 
decomposed into component having the direction the wire the 
end the clamp and one normal it, the horizontal component 
the latter and the vertical component For the vertical 
000 
bending the same wire, the formula the 
same time, with this bending strain 300 lb. per sq. in., the tension 
the wire 10800 giving combined strain 46100 per 
sq. in. 

The passing sliding bow increases the total strain nearly 000 
Ib. per sq. in. The horizontal bending strain may reduced, theoreti- 
cally, one-half, using two steady braces each bracket and con- 
necting them the wire hinged clamps, the hinges being vertical. 
The steady braces themselves should have horizontal hinges permitting 
the clamps rise and fall with changes temperature and wind 
pressure and the passing the sliding bow. this rise and fall, the 
principal vertical bending strains the wire, except those due the 
passing bow, are transferred the nearest suspender; therefore, they 
need not added the horizontal bending strains occurring the 
steady braces. With hinged double steady braces, connected the 
wire hinged clamps, the total strain per square inch the highest 
temperature, with the assumed wind pressure, approximately 
This assumes that all the hinges work without friction. The fric- 
tion the hinges may increase this strain considerably. the 
lowest temperature, without ice, and with the largest wind pressure, 
the lateral deflection the wire ft., its tension 5000 
080 Ib. per sq. in. 

The bending strain the steady braces due horizontal bending 
27200 per sq. in. with single, and half much with double, 
braces and hinged clamps. This gives combined strains and 
680 per sq. in. These strains are both increased about 1000 
the passing sliding bow. Since they exceed the elastic limit, the 


where the bending strain, 
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wire will bend before the strains reach the amount Mayer. 
peated forward and backward bending will produce rupture. re- 

duce these large bending strains and tensions the contact wire, 

smaller deformations must obtained. These can secured 

smaller deflections the carrying strand which requires either heavier 

strands shorter spans. 

With strand ft. maximum vertical deflection and 300 
ft. span, carrying in. below the strand the center the span 
0000 grooved wire which horizontal and has 1000 tension 
the highest temperature, without wind, the deflections and strains 
the wire are follows: the highest temperature and wind 
pressure, the horizontal deflection the wire 2.17 ft., its upward 
deflection 0.23 ft., the tension 260 Ib. per sq. in., the horizontal 
bending strain 20580 lb. per sq. in. with single and half much 
with double steady braces. This gives, with the latter, combined 
strain which increased about 20500 per sq. in. 
the passing sliding bow. This great improvement over the 
corresponding 500 with ft. deflection the strand. 

the lowest temperature, with the highest wind pressure, without 
ice, the vertical deflection the strand 1.85 ft., its lateral deflec- 
tion 0.9 ft. The vertical upward deflection the wire 1.18 ft. 
and its lateral deflection 1.05 ft. The tension the wire 
per sq. in.; the horizontal bending strain, with double 
sq. in. This about 39000 the passing sliding 
bow. With hinged steady braces, most the vertical bending strain, 
amounting, concentrated, Ib. per sq. in., transferred 
several the nearby suspenders. these suspenders have clamps at- 
tached them horizontal hinges, allowing oscillation the wire 


vertical plane, then the vertical bending strains are certainly 

smaller than the horizontal ones; there are such hinges, such 

strains are probably larger than the horizontal bending strains with 


double steady braces, but they cannot easily calculated with ac- 
curacy. With ice and wind, the lowest temperature, the lateral 
deflection the wire 1.48 ft., the upward deflection 0.46 ft., its 
tension lb. Ib. per sq. in. The horizontal bending 
strain, with double steady braces and hinged clamps, 13100 
giving combined strain 41740 lb. per sq. in. This increased 
about 1000 Ib. the passing bow. 
The maximum tension the strand which gives 
factor safety provided the small bending strains are neglected. 
sliding bow ft. long needed, and can designed give 
smooth running all but the highest speeds. evident that the 
strains the wire are still excessive where the wind pressures and 
ice loads prescribed the specification really these are 
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rare occurrence, structure this design, with improved hinged 
double steady braces, connected the wire hinged clamps, will 
probably, most situations, last number years. would have 
about the rigidity double catenary suspension the same span 
with two strands in. diameter and ft. vertical deflection, 
having the wire in. below the lowest point the strands. The 
largest lateral deflection the wire this latter suspension, with the 
wire tension and wind pressure here assumed, approximately 2.25 
ft. the double catenary suspension, steady braces are used, the 
bending strains the wire due its vertical and lateral deflection 
are distributed several clamps near the ends the spans. They 
cannot easily with accuracy, but are probably somewhat 
smaller than the test single catenary suspension the same span. 
The tensions the wire are nearly the same designs here 
compared. The double catenary suspension certainly superior 
strength single catenary suspension the same span and lateral 
deflection with single steady braces. All designs are far in- 
ferior safety railroad bridges. 

Taking now 0000 round wire, special suspenders, 
with 300-ft. spans and ft. maximum vertical deflection, with strain 
adjusters mile apart, the adjusters changing the length the 
spans four times year, that the variation temperature with one 
length span does not exceed 84° fahr.: The largest lateral deflec- 
tion the wire 2.54 ft. sliding bow ft. long required. The 
tension the wire the lowest temperature, with wind and without 
ice, lb. 600 Ib. per sq. in. The maximum bending strain 
sq. in. The corresponding strain the suspension suggested Mr. 
Coombs 44680 per sq. in. the single catenary suspension, 
with ft. maximum vertical deflection the strand, 39000 Ib. 
with the best design. 

With coating ice, in. thick the contact wire, increasing its 
diameter in., the maximum tension the lowest temperature, and 
with wind pressure per sq. ft. ice-covered wire, 
the bending strain 250 giving total per sq. 
in. greater thickness ice the contact wire would make 
collect the current. Where there considerable 
the wire will generally several degrees warmer than the atmosphere, 
and less ice will form than steel strands carrying but little 
and the passing sliding bow will knock off much that 
which forms. reasonable, therefore, assume smaller amount 
ice the contact wire than the strands. The maximum strain 
the wire, with ice in. thick, and wind pressure per sq. 
ft., the lowest temperature, the best the single catenary suspen- 
sions the same span per sq. in.; this would but 
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little reduced assuming the ice the contact wire in. thick, the Mr. Mayer. 
strain without any ice being 000 

The strandless suspension here described requires, for smooth run- 
ning with speed miles per hour, sliding bow lb. equiva- 
lent weight, ft. long. Such bow can easily designed, but, 
far the speaker aware, not present the American mar- 
ket. The bows use are designed for smaller speeds. they are 
used with high speeds, shorter spans are necessary. The 4-ft. de- 
flection the contact wire requires larger range vertical motion 
the bow than the catenary suspension the same span, which 
the height the wire varies only about ft. Though 300-ft. spans 
are entirely practicable and safe, with improved strandless suspension 
and speed miles per hour, they will not give continuous con- 
tact this speed without improved sliding bows. 

The speaker has invented another suspender, which can used 
any speed with ordinary sliding bows large equivalent weight, 
and reduces still further the bending strains. With it, 300-ft. spans 
can safely used. the sliding bow may heavy, may made 
longer, and maximum vertical deflection ft. may 
adopted, thus reducing greatly its maximum tension. This suspender 
will described later. 

The calculation showing the excessive bending straing the 
single catenary suspensions 300-ft. span confirmed practical 
experience with long-span electric transmission lines. these, solid 
wires were first used, but they broke the insulators even with 
moderate tension per square inch. Stranded wires, therefore, are 
now used with long spans. Many experiments have been made with 
single catenary suspensions. result, the present practice 
America and Europe, far known the speaker, does not 
show any existing spans more than 160 ft. The importance re- 
ducing the lateral and vertical deflection the contact wire, and 
thereby its bending strains, fully appreciated the designers 
most, not all, the existing structures America. The sliding 
bows are generally ft. long, and could not used with large lateral 
deflections. 

Taking design with 150-ft. spans steel strand in. diam- 
eter, with in. maximum vertical deflection, the 0000 grooved 
wire being horizontal the highest temperature and in. below the 
strand the center the span, the following deSections and strains 
are obtained with variation temperature 140° fahr., and the 
loads and wind pressures mentioned Mr. Coombs: The weight 
wire, strand and suspenders approximately 1.04 per ft., the wind 
pressure, without ice, 1.15 per ft. The weight, with ice, 2.33 
and the wind pressure 2.10 lb. per ft. With the greatest wind 
pressure, and the highest temperature, the lateral deflection the 
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wire approximately 0.95 ft., its tension 1284 per 
sq. in., the horizontal bending strain, with ordinary steady braces, 
410 giving combined strain 25140 per sq. in.; this 
increased about 27100 lb. the passing improved sliding 
bow maximum dynamic pressure lb. 

the lowest temperature, with the greatest wind pressure, and 
without ice, the upward deflection the wire approximately 0.3 ft., 
the horizontal deflection 0.88 ft., its tension 4640 920 
per sq. in. The horizontal bending strain giving 
combined strain 34550 Ib. per sq. in. This increased about 
500 Ib. the passing sliding bow. the wire firmly held 
the steady brace, that cannot rise and fall, the combined strain 
due tension and horizontal and vertical bending about 40000 

With ice having average thickness in., 
ture and with the greatest wind pressure, the wire has lateral deflec- 
tion 0.6 ft. and downward deflection 0.07 ft. Its tension 160 
and the horizontal bending strain giving combined 
strain lb. per sq. in. This increased about 1000 
per sq. in. the passing sliding bow. The horizontal bending strain 
may reduced one-half and the vertical bending strain transferred, 
perfect double steady brace, allowing the wire rise and fall 
and turn. 

Wire having elastic limit 40000 per sq. in. ob- 
tained, and, with little ice and moderate wind pressures and changes 
temperature, gives approximately safe structure with the usual 
designs. 

The maximum tension the steel strand, with the foregoing 
loads, the ultimate strength cast-steel strand about 
600 Ib. 

These results explain why much longer spans are not used with 
single catenary suspension. 

evident that structure having the factor safety 
railroad bridge not practicable with ordinary catenary suspension, 
most climates. Mr. Coombs’ description the Siemens-Schuc- 
kert suspension correct, and the pulleys over which the con- 
tact wire carried have diameter ft., larger pulleys being 
impracticable, the bending strain the wire here assumed would 
000 per sq. in. the tension the contact wire made small, 
the lateral deflection the wire would much increased, and long 
spans with large strand deflection would impracticable. This sus- 
pension used with spans m., with steel carrying structure 
where long spans are very desirable. the designers had thought 
them practicable, they would probably have adopted them. Spans 
300 ft., with single catenary suspension, therefore, are not sustained 
precedent; they cannot defended successfully theory, and 
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they will probably prove short-lived tried under conditions ap- Mr. Mayer. 


proximating those here assumed. 

The maximum strains which demonstrably exist the contact 
wires with catenary suspension show what copper wire can stand, 
least for few years. They make extremely probable that wire 
which the maximum strain never and nowhere exceeds 30000 Ib. per 
sq. in. abundantly safe. 

tures where transmission lines cross railroad tracks, Mr. Coombs’ 
paper should help standardize the practice, which has varied ex- 
tremely, the speaker has had occasion note. Under the direction 
Thomas Mather, Am. Soc. E., overhead construction 
has recently been designed and installed the line the Syracuse, 
Lake Shore and Northern Railroad, running from Syracuse 
Baldwinsville, The line about miles long, and provided 
with single-catenary trolley construction presenting some new features. 

Mr. Mather thinks that the work has not yet advanced far enough 
warrant the presentation formal paper, and therefore the 
speaker will make simply preliminary presentation the prominent 
features the construction. 

The trolley wire hung from messenger cable supported 
bridges spaced 300 ft. apart, from center center. The bridges, 
shown Plate LXIV, consist light trusses bents ft. apart, 
from center center. The bents are each composed two 8-in. chan- 
nels, ft. apart the base, converging in. the top, and sup- 
ported concrete pedestals, in. square, and depth varying with 
the nature the ground. The trusses have 8-in. channel top chord 
and 6-in. channel bottom chords, set with the flanges down. The 
diagonal members are rods, and the struts 
angles. The struts are flattened and bent over the ends, and are 
riveted the channels. 

the top chord each truss are bolted malleable-iron pins 
which are cemented porcelain insulaters for the messenger cable. The 
three-phase high-tension line supported steel A-frames each 
end each bridge. The construction designed for wind pressure 
lb. per sq. ft. the trolley and messenger cables, covered with 
in. ice, somewhat lower ice load being assumed the high- 
tension cables, which are No. copper. The structure computed 
braced portal, the unit strains under the assumed wind and ice 
load being 500 per sq. in., reduced for compression members. 

The catenary strung for net sag 6.5 ft. 100° fahr. 20° 
fahr., the sag about 5.5 ft., and the trolley about ft. higher 
the center the span than under the bridges, the height from rail 
trolley being ft. the bridges. Stranded steel messenger, 
wire, in. diameter, supports steel hangers, in. diameter, 
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spaced ft. apart, from center center. These hangers are the 
Ohio Brass Company type, and are attached the messenger cable 
with sister hook through the base which the rod threaded and 
drawn tight against the messenger cable. The 0000 grooved 
trolley secured the hanger Detroit clamps. 

each bridge there span-wire steady strain (not shown the 
photograph), the trolleys being insulated from the bridge and from 
each other 6-in. wheel-type porcelain strain insulators. The messen- 
ger cable dead-ended equalizer attached pair these in- 
sulators, which are connected short cable loops similar pair 
secured the anchor bridge. 

test which came the line during construction showed the 
effect broken messenger wire. When about half mile wire 
had been pulled up, and hangers were three four the spans, 
the dead-end arrangement broke, allowing the line go. The insu- 
lator broke the bridge next the dead-end bridge, but the trouble 
did not extend any further than that point. Some the men the 
work thought the foundation the second bridge was raised little, 
but there seems considerable difference opinion that point, 
and certainly damage was done. The idea has been that the bridges 
would what might called semi-anchored; or, other words, the 
effect break would not beyond two three bridges either 
direction. possible, too, that the heavy rods and tight clamping 
effect, obtained both the messenger and trolley wires, assisted con- 
siderably holding the line. any rate, damage was done which 
could not repaired quickly. 

The high-tension wire strung with sag in. 20° fahr., 
and has net clearance about ft. from the track. the trolley 
may some time operated 6600 volts, single-phase, all the in- 
sulation the catenary, steady strains, designed withstand 
this voltage. present, however, being operated 600 volts, 
direct-current. regard the lateral stiffness the single catenary 
with supports 300 ft. apart, may noted that the line has been 
operation about days, and, thus far, very little deflection rolling 
can observed under the action the wheel trolley with tension 
about lb. During this time there have been temperature changes 
50° and wind velocities miles per hour. These conditions 
seemed make difference the operation, even before the steady 
strains were installed. 

The speaker feels justified saying positively that, with this type 
construction, there will difficulty from side-sway the 300-ft. 
span. yet determined whether the line too stiff the 
vertical plane, but that cannot determined positively except 
operation extending over considerable period, and including hot 
well cold weather. The preliminary tests which have been made in- 
dicate that there will difficulty. 
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This line re-location, shorten the running time and provide mr. 
double track private right way between Syracuse and Baldwins- 
The old single-track line highway, and about mile 
longer than the new location, which will form part new high-speed 
electric road between Syracuse, Fulton, and Oswego, total distance 
about miles. 


Rurus Am. Soc. the field trans- mr. Harte. 
mission- and distribution-line construction, each engineer has been 
largely law unto himself, and Mr. Coombs’ effort secure some 
measure standardization much commended. the same 
time, local conditions very largely govern, and the successful construc- 
tion one locality may little value even comparatively near 
sections. 

addition the causes given the author, short circuit may 
caused the swaying together two phases the circuit. This, 
however, may prevented spacing the wires distance apart equal 
least twice the versed sine the sag. Thus the Missouri River 
transmission has spacing in.; the 1450-ft. Connecticut River 
span the Springfield-Suffield Line, in.; while the Madison River 
Line, Montana, has 108 in. additional precaution, the wires 
are often arranged that two are the same horizontal plane. 
This characteristic the Connecticut River span, the Anglo- 
Mexican, the Southern Power, and many other transmission lines. 
The large spacing (of the triangle), with two wires vertical plane, 
also materially reduces the likelihood interference from large birds, 
branches wires blown against the line. practice, however, be- 
cause their weight and low periodicity, long spans usually swing 
unison, thus maintaining the spacings. 

Mr. Coombs states that insulator troubles are largely due mis- 
directed savings. While true that there are to-day many lines 
operating without change higher voltages than designed for, and 
which the insulators were poor for the original voltage, there are 
many other lines where, although expense has been spared, insulator 
troubles are very serious. 

the seacoast, particularly Southern California, heavy salt 
fogs cause troubles which, far the speaker knows, have not yet 
been overcome successfully; the alkali deserts, the so-called salt 
storms result losses very remarkable brush discharges and leak- 
ages; and where lines are near steam-railroad right way the oil and 
water from the exhaust condense the insulators and then collect 
coal and other dust until the creeping surface largely covered, caus- 
ing heavy leakage, and burning wooden pins. This condition threatens 
very serious problem steam-road partial electrification. The 
deposits from salt and dust storms are washed off the rains, but the 
oily coating resulting from locomotive exhausts not affected 
water. 
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While “campaign education” may assistance, the small 
boy with his sling-shot and the man with the gun will always menace 
seriously the welfare insulators settled sections. Dark-colored 
glazes, being less conspicuous, are being used many cases. With 
medium voltages, compact insulators the Redlands Crown type 
are used, and one large manufacturing company grooves the insulator 
top, with the idea that the marksman will knock out the portion inside 
the groove and then retire satisfied, leaving enough insulator the 
pin protect the line. matter fact, against bullet any 
weight there little choice type. The speaker tested the three 
types shown, Fig. Plate LXV, using Winchester 


rifle, reproducing line conditions far possible, and firing one shot 
each. Fig. Plate LXV, shows the result. New England 
the East generally, gun such heavy caliber would rarely, ever, 
used. 

Serious sleét storms, fortunately, are not common, and are rarely 
great extent. While failure may due the dead weight the 
accumulation, the usual cause more complex. strong wind, the 
sleeted wires, because the greatly increased area and weight, sway 
until the vibrations become synchronous with the natural period 
pole the line. this pole fails, the resulting long span usually has 
weight enough pull down other poles each side. 

Aluminum does not appear hold sleet does copper, 
transmitting much power are usually little warmer than the air, 
that they throw off the coat quickly; therefore, allowance in. 
ice around the wire sufficient provide for all reasonable con- 
tingencies. The sleet coatings, however, may become very heavy. Fig. 
Plate LXVI, shows accretion clear ice twig, the coat- 
ing having diameter practically in.; and Woodbury, 
Am. E., recently advised the speaker specimens had 
seen, one from Wayland, Mass., in. diameter, and one from 
Nahant, in. diameter. Fig. Plate LXVI, shows the accumu- 
lation wires caused the same storm which developed the twig 
coating. This was Winsted, Conn., February 21st, 1898. 

sleet and snow storms make trouble bridging over 
the creeping surface the insulator, thus causing leakage the cross- 
arm. This, however, can prevented designing the pins and cross- 
arms leave large catchment area, and maintaining con- 
siderable distance from the insulator top the arm. 

The pressure variations wind storms, cited Mr. Coombs 
reason for using low value, are more properly reasons for introduc- 
ing sway factor. field grain long grass, ivy house, 
observed wind storm, shows very clearly the successive pressure 
waves. transmission line, when such impulses are synchronous 
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Fia. 1.—INSULATORS, BEFORE | | 


DISCUSSION OVERHEAD ELECTRIC TRACTION 551 


with the natural period one the poles, stresses are set the Mr. Harte. 
latter far excess those due the direct forces themselves. 

wooden pole lines there are stress transfers, due the elasticity 

the poles and the slipping the wires the insulators, which relieve 

these unusual conditions; tower lines, the greater rigidity con- 
struction largely prevents such relief, and the action must con- 

sidered designing. 

Mr. Coombs gives series very valuable tables wire factors, 
but there matter connection with solid copper that, far 
the speaker aware, has been given practically attention any 
investigator. The standard American copper-wire bar weighs approxi- 
mately 200 lb. This rolled rod diameter depending the 
gauge the wire make. For 0000 trolley, this rod about 
560 mils diameter, and less than 300 ft. long. secure the long 
commercial lengths trolley, the rods are brazed together, the scarf 
having angle about 20°, the brazing being done with mixture 
silver and tin temperature near 800° fahr. result, the rod 
annealed the scarf, and the subsequent drawings diameter of, 
460 mils not harden this annealed portion. 

From tests brazes, appears that their strength only eight- 
tenths that stock wire. Incidentally, should noted that the 
strength grooved 0000 wire from lower than that 
round wire, due the fact that more work done upon the latter. 
Grooved wire cannot given second reduction after the groove has 
been made. 

The failure braze does not occur the braze itself, but the 
area immediately adjoining; the break usually parallel the scarf, 
but there invariably skin copper the braze. 

least one wire manufacturer uses specially heavy wire bar 
when requested, thus having fewer brazes per mile, but, any case, 
the braze which determines the strength the line. For this 
reason, well because its flexibility and consequent ease 
handling, stranded copper much better than solid for transmission- 
line work, the strand brazes being distributed along the made-up cable. 
should added that the problem the braze now occupying the 
attention number the large wire manufacturers, and hoped 
that decided improvements will follow. 

Mr. Coombs refers grooved trolley wire having area 
0.155 sq. in. and ultimate strength 8800 lb. The speaker would 
like have further details this wire. Commercial, American, 0000, 
grooved wire, having cross-section 0.167 sq. in., this being little 
more than greater than the wire referred to, series tests, 
failed reach ultimate strength 8000 the break usually 
oceurring about Ib. 

Mr. Coombs’ type anchor good for comparatively light 
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Mr. Harte. stresses, but for heavy spans desirable arrange the insulators 
pairs, or, tandem, the catenary the span, secure uniform 
stress distribution. 

TABLE 0000 GROOVED TROLLEY WIRE. 
Length tested each case, in. 


BRAZED 


Remarks. 


Test number. 
Height of cross- 
section at 
braze, in inches. 
Length of joint, 
in inches. 
Breaking strain, 
in pounds. 
Percentage 
elongation, 
in 10in. 


Apparently good braze. Broke joint, with par- 


306 6.7 Apparently good braze. Broke outside joint. 

Apparently good braze. Metal reduced section 

4429/ 14.7 |5 by filing. Broke in joint, with partial separa- 

tion copper. 

6.5 Apparently good braze, broke outside joint. 

Apparently poor braze. Metal reduced section 

13.9 filing. Broke joint, with partial separa- 
tion copper. 

| Apparently good braze. Broke in joint. Separa- 


390 3.8 tion very slight. Flaw copper point of. 
rupture. 


Average. 0.467 5 611 


ONS BETWEEN JOINTs. 


q Fracture silky, angular. 
0.478 | .... “ 


.... 


Where the sag must not fall below fixed limits, provision must 
made for adjustments considerable extent. Mr. Coombs’ design, 
any considerable take-up the turn-buckles would result slack 
the saddle, not readily cared for. This may avoided using 
double saddle, both parts being movable, the slack looping between. 
The Connecticut River crossing the Springfield-Suffield line has 
crossing span attached movable cross-head controlled long 
screw with adjusting nut, Fig. The main line taps into the 
crossing span the cross-head, and has “pigtail” care for the 
variation length. 
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Fig. 1.—SLEET ACCRETION ON TwiG, WINSTED, Conn., FEBRUARY 21ST, 1898. 


Fie. 2.—SLEET ACCRETION ON WirEs, WINSTED, CONN., FEBRUARY 1898. 
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Under specifications, bar thin wiped galvanizing, desirable Mr. Harte. 


require the galvanized metal stand four immersions, sec. 
each, saturated solution copper sulphate, 70° fahr. After 
each immersion the test piece should dipped into clean water and 
then wiped dry; metallic copper should appear after the fourth 
immersion. 

The speaker wishes Mr. Coombs had treated the subject protec- 
tion line crossings greater length. Apparently, the crossing de- 
scribed protected, over and above the general line, only taking 
additional precautions relieve the crossing towers from stresses due 
adjoining spans, and certain details anchorage line, provi- 
sion being made for the installation cradle later date 
desired. 

far line strength concerned, crossing differs from normal 
span only possible greater length, restrictions height 
wire; and failure this point, its effect the service, does not 
differ from failure elsewhere; but, the possibilities damage 
train, passengers others platforms highways, other 
lines, the crossing becomes one the most critical line points, and 
the method safeguarding the utmost importance. 

Protection may effected by: 


preventing broken wire from getting into 
the danger section; 

2.—Strengthening the upper wires that failure practically 

3.—Grounded arms cut off broken wire the pole top be- 
fore can reach the line below. 


the first class are the various cradles, all open the criticism 
that they offer large areas for sleet lodgment, and most them that 
they are very expensive. 

very simple type consists telegraph wires strung between mul- 
tiple pin arms. The system grounded, but the small section the 
wires usually guaranty that they would burned through the 
are case fall the power line. Fig. Plate 

modification consists three longitudinal wires with cross-bars 
hard wood; other variations include sheets wire netting, net- 
works wire strand more less substantially fastened together, 
the very impressive cradles heavy strand with cross-bars flat 
iron. clearly appears the case shown, Fig. Plate 
wood bar are apt lose members from breakage otherwise, 
while the heavier wire cradles often sag, becoming positive menace. 
Fig. Plate LXVII, shown wire-strand cradle which has 
sagged extent requiring the power company protect its lines 
the support wires strung the top arm the transmission line. 
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While the more substantial types, large enough keep fallen 
wire from blowing out again, are doubt efficient along certain lines, 
their great cost, and the excessive stress imposed them upon their 
supports, even without the great loads sleet they are sure catch, 
make them very undesirable. Fig. Plate shows recent 
installation Coltsville, Mass., grounded strand-wire net, ac- 
with the latest specification the American Telegraph and 
Telephone Company for this type protection. The stresses the 
poles and the high cost the construction are obvious. 

The ideal protection the so-called short-span method. Here the 
crossing span and the two spans adjoining are arranged that the 
distance apart the poles less than the distance from the cross-arm 
the upper line the lower line; thus impossible for the two 
lines touch, under any while the adjoining short spans 
prevent broken wire from swinging into the crossing-span ‘section. 
the adjacent spans cannot made short, grounded guard arm 
may used effect the same purposes. Plate LXIX, shows 
typical installation Pittsfield, Mass., having the right such 
grounded guard arm with vertical wings catch broken wire which 
might otherwise blown clear the guard, while the left side 
short-spanned, and further protected the angle the line this 
point. Unfortunately, crossings usually occur highways where limi- 
tations pole locations prevent the use this method. 

The method most generally applicable, and, the speaker’s judg- 
ment, the best, that reinforcing the line set messenger 
cables. This plan has the great advantage that the line locally 
doubled strength, with but little increase weight exposure 
area, and the cost nominal. 

recent and satisfactory design, messengers No. stranded 
copper are used, and them line wire tied every ft. 
grounded angle-iron frame just beneath the line provides automatic 
cut-off the line breaks the span adjoining the protected span, 
Fig. 10, and Fig. Plate 

protection device should meet the following requirements: 

1.—Complete protection the lower line, including protection 
from failure adjoining span with wires whipping 
into the protected section; 

minimum areas exposed sleet wind; 

3.—Little increase over weight normal line; 

design; 

5.—Construction familiar linemen; 

6.—Few special parts; 

cost installation and maintenance. 


The foregoing types protection assume that the power line 
above, and the additional safety such arrangement will usually 
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justify considerable expenditure secure it. some cases, how- 
ever, practically impossible above with the transmission line. 
such cases the method the American Telephone and Telegraph 
Company, practically enclosing the upper line sheath 
strand network the best, provided the design such that will 
prevent dangerous sagging the cradle. 

any cradle design, the tendency broken wire curl and 
therefore jump out the cradle should recognized; Germany and 
Switzerland customary compel transmission companies make 
all lines crossing railroads pass through regular tunnel ironwork. 

Where the line very narrow right way, and where carries 
trolley brackets, straight poles are essential, and often desirable 
use selected stock important highways, but the majority 
cases considerable crook can allowed. Certainly, where chestnut 
used, Mr. Coombs’ requirement only in. crook ft. 
length unnecessarily rigid. 

The Western Lumberman’s and the Idaho Cedarmen’s Associations 
have defined commercially straight cedar poles having crook 
one direction only, and sweep not exceed in. ft. For chest- 
nut, the American Telephone and Telegraph Company allows practi- 
cally in. sweep ft. length for poles ft. total length, 
and sweep ft. for poles more than ft. total length, 
the measurements made between the top and point ft. from the 
butt. 

Chestnut from seed often grows very straight; stump-grown stock, 
which to-day forms large proportion the supply, almost in- 
variably shows sharp crook near the butt, due the growth the 
shoots, first out clear each other and then straight upward. 
this crook large, increases the cost pole setting, but diver- 
gence from the general axis the pole not more than in. the 
lower ft. can cared for without additional work. 

the speaker’s judgment, the severity the specification does not 
the line strength, and, materially increases the cost, 
would seem that might better changed, meet current practice 
and market limitations, the following: 

Cedar poles shall have but one crook, this one way only, the 
sweep not exceed in. ft. 

Chestnut poles shall have but one crook, this one way only. 
The sweep shall not exceed the following limits between butt and top: 


Pole length, feet: 


far the speaker aware, there has yet been wreck 
any magnitude any the electrified steam lines, and, until such 
try-out, certain questions design must remain unanswered. 
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not all unlikely, however, that, least for lines which 
freight trains, with their capacity for trouble, are handled, the ulti- 
mate development steam railroad electrification will the di- 
rection independent overhead lines for each track group tracks. 

With one live trolley, emergency movements can made ad- 
joining tracks; with all overhead wires down, may well feared 
wreck under bridge construction, not only the electrical equip- 
ment helpless, but large additional burden clearing away the ma- 
terial devolves the wrecker. 

Whatever the design, the speaker feels that the unit stresses allowed 
Mr. Coombs are too high. With long and frequent trains, and par- 
ticularly with high voltages, the failure any part the overhead 
system offers too great opportunity for serious results justify 
any close paring the design. 

Steam railroad electrification for some years come will un- 
dertaken only where there sight very marked gain the 
change, where legislation compels it. The complications with which 
the simplest distribution system involves maintenance operations, and 
the awkward fact that for wrecking, and “dead” sections, some self- 
contained motor must used, weigh heavily with men familiar with 
steam-road operation, and offset many the obvious advantages 
electrification. will rarely happen that cost variation several times 
excess the difference between thoroughly dependable construction 
and “probably safe” construction will weight influencing the 
decision, and the few cases where factor far better for 
the art that the work deferred rather than incur unjust discredit 
because failure, either physical performance, expected 
maintenance and operation costs. 

Whatever the unit stresses, the bridges, brackets, poles should 
have safety factor considerably excess that the overhead 
system proper, and messengers, hangers, and trolley should mark 
regularly descending scale, order that any failure may the 
least extent possible. 

While true that the ordinary trolley suspension gives catenary 
the general practice to-day apply the term “catenary con- 
struction” systems supporting the trolley from one more messen- 
gers. Following this practice, overhead systems would classified as: 


1.—Simple Suspension.—Trolley carried hangers directly 
connected span wire, bracket, bridge; 

2.—Catenary Suspension.—Trolley hung from one more 
messenger cables turn carried the 
brackets, bridges; 

Catenary.—Having but one main messenger (as 
the Erie Railroad electrification) 
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more than one main messen- Mr. Harte. 


ger (as the New Haven electrification) 

5.—Simple Catenary.—Trolley carried directly main messen- 
ger; may simple (as the Erie New 
Haven electrification) 

messenger system, turn carried the main messenger 
(as the Blankenese-Ohlsdorf Railway). 


The kind conductors best adapted the collection the power 
open question. The two chief difficulties, with high speeds, are 
the chattering the shoe, due alternate hard and soft spots the 
line, and the pressure variations, due the great vertical range re- 
quired the pantograph. 

The first problem may solved either floating fixing the 
trolley wire; for undoubtedly perfectly flexible line one perfectly 
rigid would give excellent results far alone was concerned. 
Whether the shoe will not chatter the rigid line, result the 
irregular movements the car, remains seen. interesting 
note that Mr. Murray, Electrical Engineer the New York, 
New Haven, and Hartford Railroad, discussing his recent paper 
before the American Institute Electrical Engineers, quoted* 
saying that, his judgment, either the shoe the line must 
flexible. 

The second problem largely function overhead crossing 
limitations, and, large degree, independent the overhead 
construction; therefore must cared for the design the col- 
lector itself. 

Both problems are the field rather than the office. Mr. Mayert 
has given very elegant mathematical analysis shoe pressure under 
certain conditions, but the discussion based the supposition that 
the car end the collector traverses path bearing definite and 
regular relation the conductor. matter fact, however, this 
path most irregular. Unevenness track, grade and line, 
gauge variations rail and wheel, side play axle boxes, spring 
action, and movements the car framing itself, all affect the shoe 
pressure entirely independently the variations due the collector 
mechanism and the character the overhead system. 

Mr. Coombs recites five objections the double, compared with 
the single, catenary. That the double catenary has greater first cost 
and greater mass overhead true, although, the time the single 
form has been properly secured pull-offs, guys, and steady braces, 
there surprising amount material the air. 

maintenance, however, the speaker doubts whether single 


“" Street Railway Journal, January 18th, 1908, page 81. 
+ Proceedings, Am. Soc. C. E., for December. 1907. 
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catenary not least troublesome. double catenary can stand 
severe punishment and still permit the movement trains. the 
other hand, the hangers the single catenary are more out the way, 
and therefore less likely injured. 

Either type requires the tower car for repairs, but the double 
catenary has twice many connections make; the other hand, 
its greater strength and rigidity undoubtedly reduce the troubles above 
the trolley. 

That the double catenary offers greater obstruction the view 
the signals, the speaker cannot admit. the signals are bridges, 
they will between the tracks, and curve that would bring the 
overhead structure across the line sight would also bring the pole, 
towers, truss posts also into line. The difficulty relates the sec- 
ondary supports rather than the type suspension. 

Mr. Coombs sums the situation admirably. anything remains 
lack of, and need for, data resulting from practical tests the various 
theories. 

closing, the speaker wishes express his obligations the many 
friends who have kiudly assisted the experiments, and have loaned 
illustrations for use this discussion. 


(by letter).—If the high-tension wires are 
sufficient mechanical strength have factor safety under 
correctly-assumed conditions, very doubtful con- 
ductor will part the span. 

crossings 600 ft., not considered that the wires are 
likely cross high winds, even though spreaders are not used, 
experience seems indicate that the wires will swing from their normal 
positions about equally. 

Protection, the form lightning rods, seems desirable cross- 
ings where very high wooden towers are used, lower wooden cross- 
ings points high altitude. 

steel towers are used railroad crossings, the use lightning 
rods desirable, the crossings are such points the line are 
known affected lightning disturbance. 

The use cradles, suspended from high-tension poles, under the 
high-tension wires, not advocated the writer, for any ordinary 
circumstances. 

ideal high-tension crossing would have the supporting towers 
sufficient height make impossible for one the transmission wires 
touch the ground case should break the crossing span, but 
this condition usually impossible, from rational standpoint, owing 
the length the section. 


General Superintendent Distribution, the Public Service Corporation New 
Jersey. 
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second choice for crossings seems favor supporting tower Mr. Osgood. 
the edge the railroad company’s right way, and another between 
the telegraph signal wires and the outside rail, thus using four poles 
towers crossing, making short span each side the tracks 
over the telegraph signal wires and the Jonger span over the tracks, 
being assumed that the railroad company has wires protected 
each side its tracks. 
These poles should sufficient height prevent one the 
high-tension conductors from touching the telegraph signal wires, 
should break, that, high-tension conductor should give way 
over the tracks, the signaling system would not affected, although 
this might not always true any the rails were used part 
the signaling circuit. 
railroad companies feel that screens cradles should placed 
under high-tension wires, let such devices placed the top arm 
positions the poles carrying the telegraph signal wires, their 
purpose can then accomplished and unnecessary burden placed 
the more important high-tension towers. 
simple and inexpensive type screen, used suggested. can 
made follows: the top gain the pole each side the 
high-tension crossing, place ten-pin cross-arm, somewhat longer than 
the standard cross-arm used the line protected, and run 
between these arms, ten No. No. galvanized steel wires, strapped 
together, and grounded each pole. 


Murray, (by Coombs has handled this very Mr. Murray. 
interesting subject analytical and conservative manner. With 
reference that part his paper concerning the strength the ma- 
terials used for wires and supporting structures, the basis his 
assumptions could not better founded than the records given 
his several tables. With reference the equations relating the unit 
pressures per square foot projected area, the writer pleased 
able confirm these figures actual practice, the catenary wires 
and supporting structures the New Haven electrification were worked 
out equation practically identical with the one suggested 
Mr. Coombs; and interest note here that these wires and 
structures have passed through storms approximating quite closely 
those stated maximum conditions upon which the equations are 
based. 

Mr. Coombs’ specifications general requirements are the point, 
and, addition those which are generally recognized standard, 
has made many original and valuable suggestions. 

connection with the general subdivision superstructures, al- 
though the writer not quite able agree with Mr. Coombs that the 
upright signals when supported from four-track trusses are obscured 


* Electrical Engineer, New York, New Haven and Hartford Railroad 
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from the engineer’s view distance 1200 ft., unquestionably 
true that the general envelope produces difficult foreground for the 
engineer, and naturally the cross-span cantilever-bracket construc- 
tion clears this disadvantage considerable degree. 

recently stated paper before the American Institute 
Electrical Engineers, the writer not loathe believe that even four- 
track main-line electrification will effected the use cross- 
catenary spans interspersed proper intervals with fabricated steel 
truss anchor bridges; but believes that the form this construction 
will guyed steel uprights supporting the cross-catenary span, with 
distances between bents of, say, not greater than 300 ft.; and, further, 
believes that, the future, the single catenary will receive more 
favorable consideration than the double catenary construction. can 
readily seen that the first cost the former will much less, and 
the flexible contact offered the single catenary construction, due 
the fact that the trolley supported from single messenger, with the 
messenger turn supported from flexible cross-catenary, gives 
great advantage. 

Practice seems demonstrate the fact that either the shoe the 
trolley must flexible. matter fact, flexibility both would 
great advantage, and cannot questioned that the cross- 
span will offer more flexibility than either the cantilever 
bridge-truss type construction. this point, particular attention 
called the fact that experimentation with the deflection trolley 
wire supported from messenger, which turn supported rigid 
points, shows that the middle the span the deflection much 
400% greater than that the immediate vicinity the bridge 
cantilever supporting the messenger wire, being understood, 
course, that equal upward pressures are applied each instance. This 
illustrates the value the flexible feature the cross-catenary support. 
point much value the cross-catenary construction should 
emphasized, namely, that the cross-spans may supported strain 
insulators, thereby not only doubling the actual insulating value the 
line, measured under normal atmospheric conditions, but, point 
fact, many times increasing the insulating value due the insula- 
tion being placed the side, and thus out the direct line steam 
locomotive blasts, which have such deleterious effect insulation. 

argument that will advanced against the use the cross- 
truss construction. The answer this that, this form con- 
struction, any factor safety that may used other types can 
selected; fact, larger factors safety can chosen with less pro- 
portionate expense. 

conclusion, the writer agrees with Mr. Coombs his summa- 
tion, under five counts, concerning the undesirability double cate- 
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naries. The root all trouble with the alignment catenary con- Mr. Murray. 


struction the change temperature. The fact that low tempera- 
ture means tight wire and vice versa for high temperature must 
considered. The ideal condition suspension would free- 
running suspended wire, tension being supplied one both ends 
counteract the variations its length due temperature. 
very seldom that ideal conditions can secured the field, however, 
and the results are generally combination compromises and ap- 
proximations. What one fails accomplish with the contact wire 
may accomplished properly devised shoe, strong construc- 
tion, flexible and light, the last-named element eliminating inertia, 
the arch enemy the hard spots the line, which, Mr. Coombs has 
pointed out, are the “hanger points.” To-day not the time for 
standardization, but for observation. The experiences and mistakes 
to-day will invaluable comparison with theories. 


this paper, the writer hoped that might elicited 
that would lead construction more rational than some now 
existence. illustration: certain high-tension power line crosses 
double-track branch road bridge, the posts which are outside 
wide right way, and which the wires are supported ap- 
proximately 10-ft. intervals; another case, the power line sup- 
ported wooden poles, and the construction about comparable 
ordinary telephone practice. Fig. Plate shows guard bridge 
which both expensive and unsightly. order that the development 
electric transmission may not unduly burdened conservatism, 
subject stringent legislative action, the result avoidable 
accidents, hoped that future construction may upon 
more consistent basis. 

The differences loading between the crossing specifications and 
the traction specifications were due probable differences location, 
coupled with the fact that the latter class construction would 
subjected closer supervision the railroad company’s engineers. 
Considering the same general territory, the writer has revised the 
specifications that the conditions loading are identical, and, for 
the Eastern States, has used maximum loading in. thickness 
ice and wind load per sq. ft. 

view the increasing cost timber, will doubt 
economical use creosote other preservative wooden poles, and 
avoid the greater expense foundations. 

Unless the towers poles supporting high-tension wires are 
private right way, some form danger notice may desirable, 
and, case ladders are provided, the lower section should hinged 
and kept raised, omitted altogether. 

The originals the two types anchor insulators, shown 


Mr. Coombs. 
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Plate LXXI and Fig. 11, were probably devised Ralph Mershon, 
Am. Soc. E., and the writer understands that both the original 
and revised types have given satisfactory service. 

Mr. Harte’s criticism these anchorages entirely correct, for 
the conditions outlines, but not usually applicable the short 
spans and slightly variable sags railroad crossings. 

the original specifications, mention was made the possible 
addition cradles, though, the writer’s opinion, cradles are un- 
desirable unless supported independent poles. The short-span 
method protection, cited Mr. Harte and Mr. Osgood, very 
rarely feasible account local conditions, and crossings over 
electric-traction railroads would make extremely high poles necessary. 

probable that placing cradle enclosing screen the tele- 
phone line would economical some cases, and would usually pro- 
vide greater security far the telephone line concerned. The 
specification requirements would still applicable the power line, 
such protection may not prevent disarrangement the signal cir- 
cuits falling power wires. 

Referring the three classes protection mentioned Mr. 
Harte, the writer’s specifications were intended provide the strength 
necessary prevent failure, while allowing the installation such 
mechanical and secondary structures permitted local conditions. 

The seven requirements protection device enumerated Mr. 
Harte may all said included his first and seventh require- 
ments. Complete protection combined with low cost not attained 
any arrangement which the writer informed. 

Supporting catenaries for power-wire crossings have been used 
some extent west Pittsburg, Pa., but the writer cannot agree with 
Mr. Harte that their use involves little additional cost, because for 
each power wire there are required separate messenger and large 
number short hangers, and the weight and the area exposed wind 
pressure are about doubled. apply such requirement large 
power line, as, for example, wires 250000 cir. mils section, 
would involve extremely heavy and unsightly construction. 

The writer does not apprehend failures account the pressure 
variations wind storms. originally stated, such variations re- 
duce the average load upon the wires long spans less than some 
the recorded values. regard the effect such impulses upon 
the poles, seems improbable that the difference between the sums 
the impulses adjoining spans, which the longitudinal movement 
the pole depends, can synchronous with the motion pole 
when the latter restrained catenaries. 

For the third condition loading, the revised specification, 
slight deflection the pole top will relieve the unbalanced load 
altering the sag the wires, and the first condition will generally 
the governing one. 
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noted Mr. Harte, some allowance for the weakening effect 
brazing should made the assumed ultimate strength trolley 
wire. 

The limitation wind wooden poles can have little effect 
upon the cost installation the transmission line, since the speci- 
fications refer only the crossings, the practical object the require- 
ment being compel the use selected sticks these important 
points. 

Overhead Construction for Electric Traction—Both upright and 
suspended signals become more difficult observation the amount 
overhead material, either longitudinal transverse, increased. 
Deep transverse trusses obscure the foreground upright signals, 
and, with suspended signals, they form background which moves 
vertically the train approaches the signal. Double catenaries have 
somewhat similar effect, and, addition, compel transverse shift- 
ing signal posts from the position possible with single catenaries. 

The writer cannot agree with Mr. Harte that the factors safety 
the supports, messengers, hangers, and trolley wire should 
regularly descending scale. matter fact, interference with 
operation will due: first, defects the pantagraph; second, 
weakness the trolley wire; and finally, and very rare intervals, 
weakness the messengers their supports. Owing the great 
inherent strength the material the messengers, the absence 
the usual weakness due shop work, and the fact that the first as- 
sumed condition loading very rare occurrence, factor 
safety seems reasonable the writer. However, greater factor 
can readily secured alteration the sag increase the 
gauge the comparatively inexpensive steel wire. 

factor safety for the hangers was stated, the stresses 
them are small, and their section will governed other considera- 
tions. Referring the steel supports, any addition the specified 
factor would probably the nature greater allowance metal 
for corrosion, which partly detail design and partly dependent 
upon the question steam operation. 

Mr. Mayer incorrect stating that there precedent for 
single catenary spans 300 ft., the Siemens-Schuckert construc- 
tion described the writer has been built with spans 328 ft., 
and the Syracuse, Lake Shore and Northern Railroad installation, de- 
scribed Mr. Archbold, has spans 300 ft. 

Plate LXXI shows the counterweighting the trolley wire the 
construction, which, surmised Mr. Harte 
and the writer, does not necessitate the use large pulley wheels. 

The writer cannot agree with Mr. Mayer that very long pantagraph 
bows are necessary with the single They are most unde- 
sirable, from operating standpoint, and presuppose lateral deflec- 
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Fig, 2.—OVERHEAD CONSTRUCTION ON THE SEEBACH-WETTIGEN LINE. 


Fie. 3.—OVERHEAD CONSTRUCTION ON THE BLANKENESE-HAMBURG-OHLSDORF LINE. 
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tions the trolley wire, not borne out practice, and more readily Coombs. 
overcome guying. 

With view decreasing the cost construction and maintenance, 
desirable, and may possible, reduce the specified overhead 
clearance ft. above the rail. Except grade crossings, not 


| Top of Rails. | 
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apparent the writer that there any advantage providing 
large clearance above the tops cars. would appear that such 
clearances, while desirable steam roads, have real usefulness 
electrified line. feasible clearance would permit the operation 
track pile-driver under the wires, unless exceptional care were 
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Mr. Coombs. exercised raising the leads and handling material. the rare 
when pile-driving, the operation large cranes, becomes 
necessary, the adjoining superstructure may temporarily guyed and 
the interfering catenaries removed. 

Double-Track Brackets Single Catenary).—The specifica- 
tions require factor safety with the infrequent combination 
ice and wind loads, but structure designed this way will not 
resist successfully the forces developed broken messenger cable. 
Should messenger break, two more adjoining brackets would fail 
bending, and more less rotation brackets would occur between 
the anchorages. Since the messenger cables have factor safety 
(which can increased desirable) under ice and wind loads, 
such failure might regarded dependent upon burning wrecks 
other very unusual accidents. The writer the opinion that 
suitable arrangement guys, from the end bracket the mes- 
senger cables, auxiliary cable the posts, can designed, 
either remove curtail the effect even broken messengers. 

Otherwise, since the catenaries are underhung, their attachment 
may made the weakest point, that the accidental application 
excessive forces would pull down one more spans catenary with- 
out injuring the remaining construction. Figs. are sub- 
mitted proposed designs. 

conclusion, the writer believes that improvement the design 


pantagraphs, the use trolley wire greater inherent strength, 
with and supports providing uniform elasticity, will solve 
the important problems overhead construction. 

The Revised Specifications mentioned herein the writer are 
follows: 


REVISED SPECIFICATIONS 
FOR OVERHEAD CONSTRUCTION 
HIGH-TENSION TRANSMISSION-LINE CROSSINGS. 


GENERAL REQUIREMENTS. 


drawings shall furnished, duplicate, 
for approval before construction commenced. 

General drawings shall contain full information covering stresses, 
span, normal sag, size and material wires cables, voltage, eleva- 
tion the points support from the top the rail, and the maxi- 
mum sag and consequent clearance above the top the rail. 

Detailed plans shall show full details insulators, pins, clamps, 
and their supporting construction and foundations. 

After approval, complete sets prints shall fur- 
nished for file, and, when the construction the expense the 

the original tracings shall forwarded for file. 
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COUNTER-WEIGHT ATTACHMENT 
FOR THE TROLLEY WIRE 
SIEMENS-SCHUCKERT TYPE 


Trolley Wire 


COUNTER-WEIGHT ATTACHMENT 


FOR THE TROLLEY WIRE. 
SIEMENS-SCHUCKERT TYPE. 


of = 
hi 
| 


PLATE. LXXI. 
TRANS. AM. SOC. CIV. ENGRS. 
VOL. LX, No. 1076. 
COOMBS ON 
OVERHEAD CONSTRUCTION oe 
FOR ELECTRIC TRACTION. 
i 
Cs J 
‘ 


DISCUSSION OVERHEAD TRACTION 569 


Clearance.—The clear distance any part the construction from Coombs. 
the center line the roadway, and the clear head-room above the top 
the rail, the ground, shall specified the proper official 
less than ft. above the top rail, nor less than ft. above any 
existing wires, such clearance obtain under the maximum deflection 
due loads and temperature. 
Spans.—The poles towers supporting the crossing span and the 
effect self-supporting. Anchor insulators, clamps, auxiliary attach- 
ments, the ends the crossing span and the adjoining span 
shall designed prevent the wires from falling pulling 
The poles towers supporting the crossing span and the adjoining 
spans shall straight line, and nearly right angles the 
right way practicable. 
Conditions Loading.— 
(1) in. ice per sq. ft. wind, 
cylindrical surfaces. lon any two ad- 
in. ice per sq. ft. wind, joining spans. 
(2) 14.5 Ib. per sq. ft. wind, cylindrical 
24.0 per sq. ft. wind, joining spans. 
(3) in. ice per sq. ft. wind, 


and 
in. ice 2.0 per sq. ft. wind, 
surfaces. lon the adjoin- 
in. ice 3.3 per sq. ft. wind, ing span. 
Loads.— 
Dead load, weight the material; 
Tee load: Weight ice in. thick all around exposed members. 
Weight ice 0.033 Ib. per cu. in. 
Wind load: 
8.0 Ib. per sq. ft. projected area ice-covered wires (70 
miles per hr.) 
13.0 Ib. per sq. ft. projected area ice-covered flat sur- 
faces (70 miles per hr.) 
2.0 lb. per sq. ft. projected area ice-covered wires (33 
miles per hr.) 
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3.3 Ib. per sq. ft. projected area ice-covered flat sur- 
faces (33 miles per hr.) 

14.5 lb. per sq. ft. projected area wires without ice 
(100 miles per hr.) 

24.0 lb. per sq. ft. projected area flat surfaces without 
ice (100 miles per hr.) 


Factors factors safety, under the combination 
loads giving the maximum stress, shall follows: 


Insulators, pins, clamps, steel cross-arms and connections........ 


the determination stresses and clearances, 
and erection, provision shall made for change temperature 
70° fahr. above and 80° fahr. below normal temperature 60° 
fahr. 

Thickness Material—The material the steel superstructure 
shall not less than in. thickness. 

Radius length any compression member shall 
not exceed 150 times its least radius gyration. 

Connections.—In general, the connections shall develop the full 
strength the members, and shall designed avoid, far 
possible, induced stresses due eccentricity. 

Net calculating tensile stresses, allowance shall 
made for reduction area, due rivet holes (adding in. the 
nominal diameter), screw threads, 

shall machine-driven, wherever practicable. 
Loose defective rivets shall carefully cut out and replaced; 
necessary avoid injuring the material, they shall drilled out. The 
diameter the finished rivet hole shall not more than in. greater 
than the diameter the cold rivet. 

shall not used place rivets, except speci- 
fied; and, when used, the holes shall reamed and the bolts made 
close fit. 

Straightening.—All material, when necessary, shall carefully 
straightened the shop before assembling. 

Wires.—No line wire smaller size than No. gauge 
copper shall used, aluminum other metal alloy, than 

Guys.—Guy wires shall have efficient anchorage, and pro- 
tected, extra strength, the ground level. 

The material guys shall double-galvanized stranded steel, 
not less than in. diameter. 
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Pins.—Insulator pins shall malleable iron, cast steel other Mr. Coombs. 


approved metals. 

insulators porcelain, other approved 
material, shall used throughout the and adjoining spans, 
and shall tested for not less than 30000 volts, alternating current. 
Where more than 15000 volts will the wires, the insu- 
lators shall tested double the voltage carried. Insulators 
caps shall not cemented during freezing temperatures. 

One more insulator units, may required, shall as- 
sembled complete and mechanically tested destruction. 

Insulators shall tested accordance with special instructions 
given, and reasonable notice the proposed tests shall given 
every facility for witnessing them. 

all cases, full test reports shall furnished. 

and guy wires, insulator pins, clamps, 
ete., shall galvanized. Structural-steel poles shall galvanized 
approved manner, shall painted, provided below. 

One more tests, may required, shall made from each 
lot material galvanized. The standard solution sulphate 
copper water shall have specific gravity 1.185 70° fahr., and 
temperature between and 70° fahr. 

Test pieces shall given four immersions min. each, the 
standard solution, and after each immersion shall immediately 
washed water and wiped dry. 

If, after the fourth immersion, any copper color appears, the zine 
removed from the test piece, the lot from which the test piece was 
taken shall rejected. 

Painting.—Structural steel shall thoroughly cleaned the 
faces coming contact assembling shall given one coat 
after erection shall receive two shop coats 
paint. All machined surfaces shall coated with white lead and 
tallow. After erection, all steel shall given ........ coats 
paint. Painting will not permitted dur- 
ing rainy weather, when the surface the metal wet. dirt, 
cinders, oil blisters, shall removed before painting. 

Drainage.—Pockets, such enclosed column footings, shall have 
drain holes, and shall filled with water-proof material concrete, 
both, may required. 

When the superstructure embedded foundation, the 
top the foundation shall sloped down toward the sides. 

foundations shall designed resist over- 
turning, and shall extend above the ground protection the lower 
part the structure. 
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Foundations, general, shall concrete. 

Timber.—Except otherwise provided, wooden poles will not 
permitted for the supports the crossing span. 

All timber shall the best quality the kind and use speci- 
fied, cut from sound trees, and sawed size; shall close-grained 
and solid, and out wind, free from defects, such injurious ring 
shakes, crooked grain, large, unsound loose knots, knots groups, 
decay, large pitch pockets other defects which would materially 
impair its strength. 

Each wooden pole tower shall set concrete base, the 
lower end shall creosoted otherwise treated with preservative. 

Poles shall the first quality, with minimum diameter 
in. the top, and within the following limits wind: 


ft. and longer........ 


Cross-arms, bearing surfaces, and the surfaces notches, 
shall treated with paint preservative. 

poles towers supporting the crossing span and 
the adjoining spans shall grounded approved manner, and, 
small danger signs appropriate design. 

Adjustment.—The sag given the wires erection shall adjusted 
the temperature the wires. care shall exercised 
adjusting insulators, clamps, obtain the desired distribution 
stresses. 

Weight.—A variation, section weight materials, more 
than 24% will sufficient cause for rejection, except that sheared 
plates may vary according the allowances the manufacturers’ 
standard. 

Workmanship.—The workmanship the various classes con- 
struction involved shall conform the requirements first-class 
practice. 

Unit unit stresses materials shall given 
Table 

Composition Steel and composition the several 
kinds steel, and cast iron, shall given Table 10. 


The proportions the materials the concrete shall called 
for the drawings, and the proportioning and method mixture 
shall required the Engineer. 
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cement used the work shall approved Mr. Coombs. 


brand Portland cement. The specific gravity the cement, 
thoroughly dried 100° cent., shall not less than 3.10. shall 
leave, weight, residue not more than the No. 100 and 
not more than 25% the No. 200 sieve. 

shall develop initial set not less than min., but must de- 
velop hard set not less than hour nor more than hours. 

Tensile minimum requirements for tensile strength 
for briquettes in, square section shall within the following 
limits, and shall show retrogression strength within the periods 
specified 


Neat Cement: 
days day moist air, days water).... 450 550 
days day moist air, days water)... 550 650 


One part cement, three parts sand: 
days day moist air, days water).... 150 200 
days day moist air, days water)... 200 300 


Constancy Volume.—Pats neat cement, about in. diam- 
eter, in. thick the center, and tapering thin edge, shall 
kept moist air for period hours. 


pat then kept air normal temperature, and ob- 
served intervals for least days. 

(b)—Another pat kept water maintained near 70° fahr. 
practicable, and observed intervals for least 
days. 

(c)—A third pat exposed any convenient way at- 
mosphere steam, above boiling water, 
closed vessel, for hours. 


These pats, pass the requirements satisfactorily, shall remain 
firm and hard, and show sign distortion, checking, cracking, 
disintegrating. 

Sulphuric Acid and Magnesia.—The cement shall not contain more 
than 1.75% anhydrous acid (SO,), nor more than 
magnesia 

sand shall hard, clean, coarse, and sharp, and shall 
not contain more than 1.5% clay other foreign matter. re- 
quired the Engineer, shall screened. 

stone shall sound, hard, and durable, and free from 
dirt and foreign matter, and shall pass through ring in. diam- 
eter. 

degree moisture for mortar, grout, con- 


Joint Committee Concrete and Reinforced Concrete. 
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Mr. Coombs. crete shall required the Engineer; general, mortar shall 
plastic, grout fluid, and such consistency that will 
quake when being deposited. 

Mortar, grout, which has commenced set shall not 
used the work. 

shall deposited the work that there 
will separation mortar and stone. shall laid quickly 
thoroughly cleaned, and earth surfaces shall compacted satis- 
factory manner, before deposited against them. Surfaces 
against which fresh concrete laid shall cleaned 
and slushed over with grout, and shall provided with bond re- 
quired the Engineer. 

shall substantial construction, and designed 
preserve the concrete the form required the drawings. All 
exposed surfaces concrete shall true form and surface. 


GENERAL CLAUSES. 


1.—Every facility for the inspection the materials and work- 
manship shall furnished the contractor; shall furnish proper 
testing apparatus, and shall prepare and test such specimens may 
required. 

work shall subject the inspection and approval the 
Engineer, and his interpretations the draw- 
ings and specifications, and his decisions the quantity quality 
the work, shall final and conclusive. 

3.—The contractor shall remove all falsework, timber, rubbish 
incident his operations, and shall leave the site unobstructed and 
clean. 
4.—The contractor shall bear the cost any suit which may arise, 
and shall pay all damages which may awarded consequence 
the use said contractor any patented device the construction 
any work under these specifications. 

5.—The contractor shall obtain all necessary permits, 
assume all risks accidents men materials prior the acceptance 
the finished structure. 

6.—The contractor shall not entitled payment for extra work 
material unless such extra work material has been specifically 
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MEMOIRS DECEASED MEMBERS 


CHARLES PAINE, Past-President, Am. E.* 


Diep 1906. 


Charles Paine was born Haverhill, New Hampshire, April 25th, 
1830, ard died Tenafly, New Jersey, July 4th, 1906. Almost his 
entire working life, which began when was years old, was spent 
railroad service, ana the building his professional position was 
that period when the railroad art was still primitive and when the 
opportunities for education Civil Engineer, the United States, 
were confined almost actual work the office and the field. 

Mr. Paine was descended from Stephen Paine, who came the 
United States from England 1638, and his family remained New 
England for eight generations. belonged fine, substantial 
stock, and some his ancestors were distinguished. 

Mr. Paine’s school education was quite limited. 1839, en- 
tered the College the Order St. Sulpice, Montreal, where 
remained for two years and where acquired that part his school 
education which always seemed him the most valuable, viz., good 
grounding French and Latin and the elements what old- 
fashioned people call “polite education.” spent year 
academy Meriden, New Hampshire, and two years New York 
school which Mr. Charles Coudert was principal. This Mr. 
Coudert was the father the late Charles and Frederic Coudert, 
eminent lawyers New York and Paris. From uncle, William 
Porter, editor and proprietor the New York Spirit the Times, 
young Paine, during these two years, was permitted certain oppor- 
tunities see life and people, and always attached good deal 
value (and not without reason, perhaps) the hours which passed 
the offices that newspaper the company the wits, men about 
town, and famous actors and actresses. says that that brief 
period “drank love fine things conduct, art, litera- 
ture, and manners which has continued joy throughout 
life.” 

the spring 1844, Paine’s uncle, Governor Charles Paine, 
Vermont, took the lad into the counting-room 
factory, where remained until August, 1845. Then entered the 
service the Vermont Central Railroad, the surveys for which had 
just been commenced. this enterprise, Governor Paine was Presi- 
dent. Here began rodman the corps Calvin Brown, one 
the old engineers the period, who enjoyed fine reputation. 


Memoir prepared Edward North and Prout, Members, Am. Soc. 
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Other young men, afterward distinguished, who were associated with 
Paine this work this time, were the late Felton, Am. 
E., afterward President the Philadelphia, Wilmington and 
Baltimore Railroad and the Pennsylvania Steel Company; Mr. 
Charles Collins, afterward Chief Engineer the Lake Shore and 
Michigan Southern; Mr. Carpenter, afterward United States Senator 
from Wisconsin; and Dr. Edward Williams, afterward General 
Superintendent the Pennsylvania Division the Pennsylvania 
Railroad, and member the firm Burnham, Parry, Williams and 
Company, owners the Baldwin Locomotive Works. Mr. Paine en- 
joyed the close friendship all these men until their lives ended, and 
related that the time the Chicago fire, 1871, Dr. Williams 
and his wife, knowing that the Paines lived Chicago, immediately 
shipped express from Philadelphia complete outfit clothes for 
each member the Paine family, without stopping ask the clothes 
were needed. 

the autumn 1847, the Vermont Central was completed into 
Northfield, and, for very short time, young Paine got chance 
fire locomotive, which always regarded one the most valu- 
able experiences his life. The following winter spent the 
drafting rooms Brown and Hastings, Civil Engineers, Boston, 
and Hinkley and Drury’s Locomotive Works, where made quite 
complete drawings all the parts locomotive. 

1848, Mr. Paine took charge division the Vermont and 
Canada Railroad, under Henry Campbell, Chief Engineer. This 
road was completed 1850. Mr. Paine then went Montreal and 
took charge the contracts Campbell for building rail- 
road from Rouses Point St. Johns, and for building branch line 
from St. Lambert intersect with the line railway between St. 
Johns and Prairie. this time also had charge the build- 
ing docks Moffatt’s Island, opposite Montreal. 

will seen that the young man had considerable responsibili- 
ties before was age, and appears have been way re- 
luctant assume still other responsibilities, for May 13th, 1851, 
less than month after reaching his majority, was married 
Olivia Blodgett Hebard, Chelsea, Vermont. His wife belonged also 
one the most solid New England families. She was woman 
great cultivation mind and strong and beautiful character, 
and they lived together the greatest happiness until Mrs. Paine’s 
death the summer 1897. They had six children, and four sons 
now survive. 

1855, Mr. Paine moved Wisconsin, where became Chief 
Engineer the Beaver Dam and Baraboo Railroad, and the Fox 
River Valley Railroad, neither which enterprises got beyond the 
stage grading the roadbed, because the great panic 1857. 
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August, 1858, Mr. Paine became Superintendent the Western Di- 
vision the Michigan Southern and Northern Indiana 
which road was that time five months behind its pay-roll and 
physically pretty nearly wreck. The local nickname for the road 
was the “Miserably Slow and Nearly Insolvent Railroad.” These con- 
ditions, however, were not peculiar that railroad the year 1858. 
Mr. Paine’s connection with this railroad and its lineal successors 
continued for twenty-three years. January, 1864, was made 
Chief Engineer the road, and March 1st, 1872, became Gen- 
eral Superintendent the Lake Shore and Michigan Southern Railway. 
While charge this road made such improvements and 
mies that 1876 had demonstrated his ability carry freight for 
mills per ton-mile, and from this, the time, small sum, pay all 
the costs except for improvements, dividends, and interest the 
bonded debt. 

remained Superintendent the Lake Shore and Michigan 
Southern until was appointed General Manager the New York, 
West Shore and Buffalo, August, 1881. organized and carried 
through the building this road, and upon its bankruptcy found 
himself with health impaired and with the savings his lifetime 
gone, for himself had invested the securities the enterprise 
which believed enthusiastically. 

order get himself condition rebuild his fortunes, 
adopted the novel and bold scheme traveling Europe for year 
borrowed money. The remedy was characteristic and highly suc- 
cessful, and until the day his death never suffered another illness. 

served for short time the General Superintendent the 
New York, Pennsylvania and Ohio Railroad, and for few months 
Second Vice-President the Erie, and then went Pittsburg 
help Mr. Westinghouse developing the natural gas industry 
through the Philadelphia Company. There remained until Decem- 
ber, 1890, having had active executive charge the company. 

returned New York the end 1890, and opened office 
Consulting Engineer, which office maintained until 1899; part 
which time, however, was General Manager the Union Steam- 
boat Line, subsidiary Erie company, and occupied important 
and confidential position the administrative organization the Erie. 

From 1899 until year before his death, Mr. Paine was General 
Manager the Panama Railroad Company, and for time was 
also Vice-President and Director that Company. This service 
ended with the purchase the Panama Railroad the United States 
Government and the transfer its management the existing Canal 
Commission. 

Mr. Paine was elected Member the American Society 
Civil Engineers its reorganization December, 1867, and was the 
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second man join the Society: numbering the list members 
stood for the first year. contributed the Transactions 
Paper XX: “History the Iron Rails the Michigan Southern and 
Northern Indiana Railway,” and was President the Society during 
1883. 

the time his death, Mr. Paine was Member the Century 
Club, New York, Honorary Member the Western Society 
Engineers, and the Engineers’ Club Cleveland, and number 
other scientific and philosophical bodies. 

Mr. Paine’s personality was extraordinary, and meant much 
those among whom lived, that special mention should made 
it. His.manner was commanding, but singularly gracious. had 
dignified and impressive presence. was generous and en- 
thusiastic temperament. had broad sympathy, wide reading, and 
discriminating taste literature and art; but, beyond this, there 
much more said. every generation there are few men 
who impress their fellow men beauty and nobility character, 
quite apart from those qualities which may think purely 
intellectual. They have distinction which wealth power achieve- 
ment cannot bestow. the deepest recesses our minds recognize 
these men being the real nobility—the flower humanity. Mr. 
Paine belonged the small group men distinguished character. 
had intellectual superiority, and was man honorable achieve- 
ment; but we, who knew him well, think him first and respect him 
most for the subtle qualities gentle manliness. His temper was 
naturally quick, and had great personal dignity; but his courtesy 
was unfailing and his modesty was sincere. was 
thought and conduct. Honor, truth, and duty were the roots his 
nature—inherited, bred the bone. These were his shining charac- 
teristics, virtue which his life was lived high and serene 
atmosphere, and that atmosphere dwelt with him wife, his equal 
every way. 
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CALVIN EASTON BRODHEAD, Am. E.* 


Diep 1907. 


Calvin Brodhead was born Pike County, Pennsylvania, 
December 27th, 1846. His family moved Mauch Chunk, Pennsyl- 
vania, 1851. attended school what was known the time 
Park Seminary, and St. Mark’s Parish School, where Felix Ansart 
was Principal. During vacation periods, worked the blacksmith 
shop Remmel and Company, who repaired cars for the old 
Beaver Meadow Railroad. When the survey was made for the railroad 
from Bethlehem Bath, Pennsylvania, about 1862, found employ- 
ment the engineer corps, and chose engineering his profession. 
After the great flood 1862 the Lehigh River, which destroyed the 
canal above Mauch Chunk, entered the service the Lehigh Valley 
Railroad, locating the line over Wilkes-Barre Mountain, between Penn 
Haven and White Haven. this work met the late Sidney Dillon, 
Am. E., and friendship was formed which lasted until 
Mr. Dillon’s death. 

After the Lehigh Valley Railroad was opened Wilkes-Barre, Mr. 
Brodhead moved farther the line what was known the 
vania-New York Canal and Railroad. About 1871 was transferred 
from Wilkes-Barre Bethlehem, Pennsylvania, and, Principal As- 
sistant Engineer, under the late Robert Sayre, Chief Engineer, 
comr enced locating the Easton and Amboy Railroad. remained 
with the Lehigh Valley Railroad until 1877. During the building 
this line (Easton and Amboy) the construction the Musconetcong 
Tunnel was directly under Mr. Brodhead’s charge. 

From 1877 until 1883 was engaged the lumber business, and 
then formed partnership with Lafayette Lentz, Mauch Chunk, 
John Byron and Daniel Hickey, Mt. Vernon, New York, and 
engaged the contracting business. The first contract the new 
firm was for about ten miles very heavy work the Southern 
Pennsylvania Railway Fulton County, Pennsylvania. 1885 the 
firm secured the contract for the Vosburg Tunnel for the Lehigh Valley 
Railroad. 1887 the firm Brodhead and Hickey succeeded Lentz 
and Company, and, while connected with this firm, Mr. Brodhead was 
engaged several large undertakings, notably the Palisade Tunnel 
for the New York, Susquehanna and Western Railroad, and portion 
the Pittsburg, Bessemer and Lake Erie Railroad, and the Lehigh 
Valley Railroad. After the death Mr. Hickey, 1894, the firm 
name was changed Brodhead and Brother, and subsequently 
the Brodhead Construction Company, under which name the firm 
continued work until Mr. Brodhead’s death. was the contract 
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business that Mr. Brodhead spent the most active part his life, and 
that was best known and most successful. was man 
quick ideas, and was born locating engineer, which capacity 
was frequently called consultation. 

Mr. Brodhead continued interested for many years the 
coal and lumber business, having large interests Kentucky. 
was twice married, and three children his first wife survive him. 

Mr. Brodhead was elected Member the American Society 
Civil Engineers February 21st, 1872. 
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NATHANIEL HENRY HUTTON, Am. E.* 


Diep May 1907. 


Nathaniel Henry Hutton was born November 16th, 1833, 
Washington, and died Baltimore, Maryland, May 8th, 
1907. His earliest ancestor the United States whom there any 
record, John Strangeways Hutton, was born New York City 1684 
and died Philadelphia 1792. His father was James Hutton, who 
married Salome Rich, Boston, Mass., Washington, 

Following the example his elder brother, the late William Rich 
Hutton, Am. E., “Harry” (as was familiarly called 
those who knew him well) entered the service the United States 
early age, adopting the profession civil engineering. Neither had 
the advantage collegiate education, but they did have the good 
fortune grow under the thorough training those days, the 
specially excellent schools Alexandria and Washington, taught 
men like Ben Hallowell, Abbot and others. They made good use 
those early opportunities, and industry, faithful attention duty, 
and continual study the theory engineering and the works able 
engineers, their own experience and unusual natural talents enabled 
them pass through the lower grades the profession with credit 
themselves, and with the respect and ever-increasing confidence their 
superiors their integrity and high tone, until they had come rank 
well among the engineers their period the special lines which 
their attention was called. 

Mr. Hutton’s work surveyor and engineer, 1896, may 
summarized briefly follows: 

was Assistant Engineer explorations and surveys for 
the Pacific Railroad west the Missouri River, the 32d and 35th 
Parallels, from 1853 1856, inclusive; Chief Engineer the Paso 
and Fort Yuma wagon road (Department Interior) during 1857 and 
1858; Surveyor the western boundary Minnesota (Department 
Interior) during 1859 and 1860; Assistant Engineer the de- 
fenses Baltimore from 1861 1865; Assistant Engineer 
charge the improvement the Patapsco River from 1867 1876, 
and the Western division the Virginia Central Water Line (sur- 
vey 1874 1875) and from 1876 until his death was Engineer the 
Harbor Board Baltimore; was also Assistant Engineer 
charge surveys for ship canal connect the Chesapeake and Dela- 
ware Bays during 1878 and 1879; Consulting Engineer for project for 
ship canal between Philadelphia and the Atlantic Ocean 1894 and 
1895; and Consulting Engineer for projected ship canal connect 
Lake Erie and the Ohio River 1895 and 1896. 


* Memoir prepared by William P. Craighill, Past-President, Am. Soe. Cc. E. 
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For many years previous 1896, and the time his death, 
Mr. Hutton had been Chief Engineer the Harbor Board the City 
Baltimore. That held this office many years, during the admin- 
istrations mayors and councils opposing political parties, proof 
that his services were considered valuable almost indispen- 
sable. Later, became President the Harbor Board, well 
Chief Engineer. 

The following tribute from the Harbor Board shows the high esteem 
which was held his associates, and may said with truth 
that this was the sentiment the business men Baltimore who were 
best acquainted with his work and ability: 


“The death Major Nathaniel Hutton, Engineer the Harbor 
Board Baltimore City, comes time and under conditions which 
cause especially deep feelings sorrow and regret the minds the 
members the Harbor Board. 

after the fire February 7th and 8th, 1904, was 
called upon the citizens Baltimore suggest and design plans for 
the new docks and the improvements the harbor this City. The 
preparations these plans, together with his other duties engineer 
the Harbor Board, devolved upon him very great amount skill- 
ful professional work, and probable that unconsciously over- 
taxed his strength this way. 

“The influence which Major Hutton has exerted upon the plans for 
the improvement the Harbor, cannot estimated. has not lived 
see the realization what has planned, but there can doubt 
that his activity and experience this great work will appreciated 
his successors, and the citizens Baltimore, when the full effects 
his labors and efforts are realized. 

“Major Hutton was engineer rare ability and vast and 
varied experience. was gentleman the old school, and most 
faithful engineer and honest public servant. 

“Resolved, that the death Major Nathaniel Hutton, the 
City Baltimore has been deprived noble and trusted citizen and 
capable and conscientious public servant, who has devoted many years 
his life her interests. 

“Resolved, that the members the Harbor Board, who particularly 
appreciate the full measure loss suffered his death, tender their 
sympathies the family the deceased, and that these Resolutions 
spread upon the Minutes the Board.” 


There are also appended resolutions adopted May 19th, 1907, the 
Board Public Improvements, which Mr. Hutton was prominent 
member: 


“At special meeting the Board Public Improvements held 
this date take action the death Major Hutton, 
President and Chief Engineer the Harbor Board, the following reso- 
lutions were adopted: 

“Resolved, that the death Major Hutton the City Baltimore 


has lost most faithful and efficient public officer, whose long 
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Harbor Engineer here and extended experience important public 
works elsewhere made his services invaluable this city. 

“Also his death, we, his fellow members the Board Public 
Improvements, have lost trusted friend and wise counsellor, whose 
uniformly genial and courteous nature greatly endeared him us. 

“We extend his family our sincere and heartfelt sympathy 
their great sorrow.” 


Mr. Hutton was Charter Member and Vice-President the Engi- 


neers’ Club Baltimore. his death the Club took the following 
action his honor: 


“Whereas, We, the members the Engineers’ Club Baltimore, 
have learned with sincere sorrow the death our fellow member, 
Major Hutton; and whereas recognize his earnest efforts, 
Charter Member and Vice-President, promote the welfare the 
Club, and the active, friendly and generous interest, manifested 
him, establishing its success: 

“Resolved, that his death the Engineers Club Baltimore has 
distinguished member and Loyal and Honoured 

riend. 


Mr. Hutton was also architect decided ability, shown 
the outcome the designs proposed the firm Hutton and Mur- 
dock, which was member for several years, for the construction 
and alteration number churches, dwelling-houses and warehouses 
Baltimore, Washington, Virginia and Pennsylvania. One his 
designs for highway bridge Baltimore was considered very 
judicious board the best among five that were submitted. Not 
only was Mr. Hutton esteemed able engineer and architect and 
and faithful official, but was admired and loved his 
friends unusual degree. few extracts are appended from many 
testimonials that have been received proof the statements already 
made. 

After long intercourse, under conditions which often test men’s 
character, long-drawn-out surveys among the rough surroundings 
camp life, the midst Indians and uncultivated and often lawless 
frontier people, both male and female, one his closest friends writes: 


said that you must sleep with man learn his peculiarities. 
Well, this true, Harry and ought have become pretty well 
acquainted, for the nights stretched ourselves the ground under 
the same blanket, ate grub out the same tin pan, and drank our 
coffee out the same tin cup, ran through years, and during the entire 
time our affection became closer. was only necessary know him 
love him, and, the many acquaintances have made during long 
and varied life, have yet meet the man who excelled him the 
noble qualities head and heart which possessed. was one 
Nature’s noblemen, conscientious Christian whose only fear, 
knew what fear was, was wrong, and whose sense honor was 
firmly fixed the everlasting hills.” 
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Another, with whom Mr. Hutton had close professional and personal 
contact Baltimore, gives the following high testimonial from himself 
and others their mutual associate: 


“All had the highest appreciation his ability engineer 
and the value his services the city. had been our Harbor 
Engineer for many years that had become indispensable the 
working our city government. His advice was frequently sought 
municipal engineers and other municipal officials, and his opinion was 
always respected all engineering questions. was progressive, 
broad and liberal his views, yet conservative enough hold down 
some younger and rasher engineers. was conciliating and 
harmonizing influence all gatherings engineers and meetings 
boards and commissions. His personality was such, and his manner 
was genial and kindly, that could regulate harmonize where 
others could not, and yet always retain the regard and affection his 
associates. 

“Because his years experience and his broad learning, his 
place our municipal government will hard fill. His place 
our affections can never filled.” 


Another who had served with Mr. Hutton very closely for many 
years adds: 


“As engineer, was capable, careful, eminent and prominent, 
and was consulted the development many projects National 
importance. undertaking any new work sought the results and 
opinions others distinction and after giving careful consideration 
formulated his plans. 

“As public official, was earnest, honest and faithful, possessing 
keen power penetration, and his approval always carried weight. 

“As man, was modest and retiring, affable and lovable, with 
ever kind word for his fellow-man, high low, and all all 
splendid type gentleman.” 


Still another says: 


was thrown intimate relations with him. was always 
the embodiment true gentleman, the highest and best sense 
that word; honorable and truthful, above suspicion, always courteous 
and always manly. 

“As engineer, was well trained and broad lines. had 
great confidence him, and frequently consulted him about difficult 
problems coming work, and always got sound and helpful 
advice. were called upon name some special characteristic 
Major Hutton, which distinguished him engineer, should say 
that good judgment was his strong point. 

“His death leaves great blank, both professionally and socially. 
feelings for Major Hutton were those real, genuine affection, 
and believe that most men who came close contact with him had 
the same. difficult imagine true man having any sentiments 
for Major Hutton other than those the profoundest confidence and 
respect.” 
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The writer knew Mr. Hutton for more than forty years, both profes- 
sionally and socially, and can fully bear testimony the fact that what 
said others what precedes not exaggerated. His domestic 
life was charming and lovely. 

early manhood, Mr. Hutton married Miss Meta Van Ness, 


daughter Colonel Eugene Van Ness, the United States Army, 


who was member the well-known and distinguished family that 
name the State New York. One Mrs. Hutton’s ancestors was 
Admiral Van Ness, Holland, who lived 1653; and her 
lineage dates distinctly and honorably least 1542. 

Mr. Hutton passed from time eternity May, 1907, and his 
devoted wife September. They left three children, all resi- 
dent Baltimore, Mr. Harry Hutton, Mrs. Busby and Mrs. 
Wyatt. 

Mr. Hutton was elected Member the American Society Civil 
Engineers June 3d, 1896. 
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GEORGE THOMAS NELLES, Am. 


Diep 1907. 


George Thomas Nelles, son George Nelles and Virginia Hobbs 
Nelles, was born April 15th, 1856, Muscatine, Iowa. 

His was spent Leavenworth, Kansas, which place his 
parents moved the summer 1857. Mr. Nelles prepared for college 
the private school the Reverend (now Bishop) John Mills Ken- 
drick, and was graduated from the Rensselaer Polytechnic Institute 
with the degree June, 1877. 

After few months’ work instrumentman with the United States 
Engineer Corps Leavenworth, entered the service the Kansas 
City, St. Joseph and Council Bluffs Railway, Assistant Engineer 
charge surveys and relocation. 

the summer 1878 re-entered the Government service, 
United States Assistant Engineer, the Missouri River improvement, 
having charge various periods the work Atchison, St. Joseph, 
and Leavenworth, until the spring 1883 when was elected City 
Engineer Leavenworth, Kansas. Entering upon his duties time 
when the city was growing rapidly, directed much work, 
supervising, during his term office, the expenditure more than 
250 000 grading and paving streets and constructing sewers, cul- 
verts, and bridges. 

During his term six years City Engineer, Mr. Nelles was also 
Consulting Engineer for the Western Home for Disabled Volunteer 
Soldiers; Chief Engineer the Riverside Coal Company; Chief En- 
gineer the Leavenworth Rapid Transit Company; and Chief Engi- 
neer the East Omaha Land Company. 

the organization the Nebraska and Colorado Stone Company, 
1889, Mr. Nelles became its Secretary and Manager. The company 
operated quarries Nebraska: and Colorado, contracting not only 
furnish stone, but, also, many cases, for the complete erection the 
structure. 

Severing his connection with the Stone Company 1891, en- 
tered the general contracting business, constructing sewers, pavements, 
bridges, water-works, and river and harbor improvements. The largest 
and most important contracts handled during the four years spent 
this work were the construction the sewers Denver, Colorado, 
and the harbor improvements the Mississippi River St. Louis, 
Missouri. 

the spring 1895 Mr. Nelles again entered the Government 
service Assistant Engineer, the Tennessee River improve- 
ment Chattanooga, Tennessee. During his six years service 
the Tennessee River and its tributaries, many important and difficult 
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problems presented themselves. made careful study the con- 
struction locks and dams under the conditions fluctuating velocity 
current and volume discharge which there prevail. His reports 
all subjects assigned him were always exceedingly full and com- 
plete. prepared detailed tables showing the cost construction 
the lift and guard locks Colbert Shoals, Alabama. investigated 
the discharge the Tennessee River, checking the formulas with the 
actual measured velocities, and determining for this stream the 
value Kutter’s formula. His solution the problem the 
effect dam submerged discharge, and the surface level 
the upper pool, reached his study projects for the improve- 
ment that part the Tennessee River known the “Suck,” 
material addition engineering knowledge. 

Mr. Nelles studied the conditions the French Broad River, and 
made plans for widening and deepening the channel; examined and 
reported the necessity making any improvement Powells 
River; made plans and estimates for the low-water improvement 
the Hiawassee, Little Tennessee, and Clinch Rivers, and also reported 
the feasibility making improvements the Holston River. 

Careful attention details, and comprehensive consideration 
all the component parts the subject, are features each these 
reports. They show that rare combination, complete theoretical knowl- 
edge and practical ability. 

June, 1901, Mr. Nelles was transferred Cleveland, Ohio, 
Assistant Engineer charge the improvements the harbors 
Lake Erie Cleveland, Lorain, and Fairport. The same thorough- 
ness and attention details, combined with indomitable energy and 
great administrative ability, characterized his work there. 

The earnestness with which worked, the ability which brought 
the work, and the honesty his dealings, combined with his cheer- 
ful disposition, made him very companionable man, both socially and 
professionally. 

His health began decline 1903. Two surgical operations failed 
give more than temporary relief, and died Cleveland, Ohio, 
November 15th, 1907. 

February 15th, 1884, Mr. Nelles was married Miss Lena 
Ralston, who, with one son, survives him. 

Mr. Nelles was Member and Director the Civil Engineers’ 
Club Cleveland. was elected Member the American Society 
Civil Engineers October 3d, 1888, and contributed the Trans- 
actions the paper the late George Rafter, 
Am. Soe. E., entitled “On the Flow Water over Dams;” and also 
E., entitled “Improvement the Black Warrior, Warrior, and 
Tombigbee Rivers, Alabama.” 


Transactions, Am. Soc. E., Vol. XLIV, 
Transactions, E., Vol. XLIX, 284. 
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HERBERT FRANKLIN NORTHRUP, Am, Soe. E.* 


Diep January 21st, 1908. 


Herbert Franklin Northrup, born farm near Shoreham, Ver- 
mont, October 9th, 1850, was the youngest child Nazro and Mary 
Hawes Northrup. 

After attending the village school prepared for college Kim- 
ball Union Academy, and Middlebury College, Vermont, 
the class next taught mathematics and English for two 
years boys’ school Flushing, Long Island. then took 
graduate course engineering, Sheffield School, Yale, 
the class ’78. 

His first engineering engagement was upon the Lake Champlain 
breakwater Swanton, Vermont, 1878, and 1879 was engaged 
railroad maintenance work Salem, Massachusetts. the spring 
1880 entered the employ the Texas Pacific Railroad, As- 
sistant Engineer construction, and was located Fort Worth, Texas. 
continued the employ that company, responsible positions, 
until the completion its construction 1885. 

February 2d, 1882, was married Miss Cornelia Allan, 
New Haven, Connecticut. 

entered the employ the Missouri Pacific Railroad Company 
1885, Assistant Engineer construction Missouri and Kansas, 
and September, 1886, engaged with and Com- 
pany, Contractors, Chief Engineer the construction railroads 
Ohio and Indiana. From August November, 1887, was en- 
gaged Locating Engineer the Duluth, South Shore and Atlantic 
Railway, the northern peninsula Michigan. 

November, 1887, the writer engaged him engineer charge 
preliminary and location surveys for the Chicago and West Michi- 
gan Railway, from Baldwin Traverse City, Michigan, miles, 
which was finished June, 1888. was then engaged until June, 
1889, upon some construction work the East, when again returned 
take charge the construction the road from Baldwin 
Traverse City, following which had charge the location and con- 
struction extension about miles from Traverse City 
Petoskey, Michigan, which was completed 1893. 1893 and 1894 
was engaged with the Detroit, Bay City and Alpena Railroad, and 
from 1895 1901 was private practice and City Engineer 
Traverse City, Michigan, and designed proposed water supply for 
that city. During this time also located several miles road for 
the Lake Superior and Ishpeming Railroad Company. 

1902 entered the employ the Cleveland, Cincinnati, 
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Chicago and St. Louis Railroad Company, charge residency 
the relocation and construction its line for double track, and reduc- 
tion grades and curvature, where had charge some very 
cult and heavy work, especially the construction several large-span 
concrete arches. 

May, 1905, formed partnership with the writer, Consult- 
ing Engineers, with office Grand Rapids, Michigan, where was 
engaged until his death. 

Mr. Northrup was beloved all who knew him. was 
very modest and retiring disposition, amiable, staunch friend, and 
thoroughly honorable business man. Quiet and even-tempered, honest 
all his dealings, had not only the entire confidence his em- 
ployers, but also the love and friendship his assistants. 

One his many assistants, now occupying responsible position 
with the City Buffalo, says: knew him gentleman and en- 
gineer, and nothing can added that. His even temper and kindly 
ways always left pleasant recollection.” 

His death was very sudden and unexpected; after severe fall 
icy sidewalk, was attacked with prostatitis, necessitating 
operation from which did not rally. 

Mr. Northrup was Royal Arch Mason, member the Delta 
Kappa Epsilon College Fraternity, and was elected Member the 
American Society Civil Engineers January 6th, 1892. 
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JOHN LARKIN THORNDIKE, Am. E.* 


Diep 1901. 


John Larkin Thorndike was born Malone, Franklin County, 
New York, 1834, and died Lima, Peru, October 12th, 1901. 

1852 began his professional career with engineering party 
the Ogdensburg and Lake Champlain Railroad, now part the 
Vermont Central System. 

After this went the London and Port Stanley Railroad, 
Upper Canada, Assistant Engineer, and later went still farther 
west and took similar position the Detroit and Milwaukee Rail- 
road, Michigan. Before this road was completed, Mr. Thorndike 
made contract with the late Evans, Am. E., 
Chili, South America, Assistant Engineer the 
Copiapo and Chanarcillo Railroad, and 1857 began the work that 
made his reputation. Soon afterward was made Resident Engineer 
the Chanarcillo and San Antonio Railroad, and still later was 
given similar position the branch Tongoy. His responsibilities 
with his reputation, and was next put charge 
very difficult portion the road from Valparaiso Santiago. When 
that was finished went the division between Santiago and Tiltil 
the Ferro Carril del Sur, the trunk line south from the capital 
Chili, now the most important line that country. The work was 
very heavy and difficult. One part, which caused Mr. Thorndike 
much trouble and anxiety, was the masonry for the bridge over the 
Mapoche River; and after years took much satisfaction 
seeing how well had resisted the force that torrential mountain 
stream. 

Early 1868, the Peruvian Government made contract with Mr. 
Henry Meiggs, who had become famous builder railroads 
Chili, build road from Mejia Arequipa, and put Mr. Thorn- 
dike charge it, Chief Engineer. The road now 108 miles 
long, and runs from Mollendo Arequipa. port, 
little better than Mejia, but only open roadstead which cannot 
used rough weather. 

Arequipa, the metropolis southern Peru, inland city more 
than 7800 ft. above sea level. Nearly half the road desert, 
without water vegetation. Men were rushed in, few days after 
Mr. Thorndike arrived, and, before any instrumental surveys could 
made, large force Chilean laborers were landed. made 
tangent across the flat part the desert with only his field glasses, 
and put them work. When that part the line was staked out, 
was found need but little changing. The western end the 
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tangent plateau about 2000 ft. above Mejia, and the develop- 
ment made there, “The Cahuentala,” model piece loca- 
tion. miles long, miles air-line. There was fresh 
water the road except the upper end, and the problem supply- 
ing the graders with this necessity was very serious and expensive. 
The road and the Town Mollendo are now supplied pipe line 
about miles long, the ends which differ elevation about 
ft. 

Before the road was finished Mr. Meiggs made another contract 
with the Peruvian Government build number roads, and Mr. 
Thorndike was made Engineer Chief all these roads south 
Lima. These were the Glo and Moquega, miles long; the Arequipa 
and Puno, 230 miles, and the Juliaca and Cuzco, 210 miles. The two 
latter, with the Arequipa and Mollendo, form the Southern System 
Peru. The first, from Glo Moquega, local road from the sea- 
port the interior. The second these begins Arequipa 
elevation about 7800 ft., and crosses the western range the 
Andes through the Las Cruces Pass altitude 14630 ft., and 
then descends Puno Lake Titicaca, which about 12000 ft. 
above the sea. This road was finished 1874. 

The Juliaca and Cuzco leaves the Puno Railroad Juliaca, 
miles from its terminus, and runs north. crosses the 
main range slightly lower pass than that the other road, and 
descends along branch tributary the Amazon. The lowest 
part the road 10050 ft. above tide water. The grading was 
started both ends, and also both slopes from the summit. 
1879 the track reached Santa Rosa, one-third the way Cuzco, 
when the work was stopped account difficulties between the 
Government Peru and the contractor. more construction work 
was done railroads for number years, and during that time 
Mr. Thorndike had charge the operation the Southern System. 

January, 1890, made contract finish the Oroya (now the 
Central Peru) Railroad three years. that time the track was 
laid Chicla, town high the western slope the Andes, 
miles from the sea and 12215 ft. above it. Oroya, the other side 
the mountains, was miles away, and about the same elevation. 
All the grading the last miles had been done, but there was 
some very heavy work between, including fifteen tunnels and several 
large bridges. The summit (in the last tunnel) 666 ft. alti- 
tude. All the larger bridges were erected the ground, which was 
trying and tedious task, the altitude was more than 15000 ft. All 
the work was above 12000 ft., and many difficulties were encountered, 
that would not found lower altitude, but the road was built 
the time specified—an example Mr. Thorndike’s remarkable 
executive ability. 
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This was the last important work this modest, unassuming, and 
laborious man. 


“His last years were devoted mostly rest, but were also filled 
with small works, which showed his constant desire useful 
his fellow man.” 


Mr. Thorndike was magnanimous and lovable man, and all who 
knew him were his friends. 

was elected Member the American Society Civil Engi- 
neers May 7th, 1873. 
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WILLIAM ROBERTS, Assoc. Am. Soc. E.* 


1907. 


William Roberts was born Watertown, Massachusetts, March 
25th, 1835. was son John Roberts, descendant one the 
old Boston families. His parents moved Waltham soon after his 
birth, and attended the Waltham Public Schools, the private school 
Daniel French, and the Allen School Newton. 

entered the employ the Boston Manufacturing Company, 
the machine shop, start toward the development his mechani- 
cal genius. Obtaining permission from the Fitchburg Railroad, 
ran engine from Waltham Boston number times. then 
went Virginia, where studied the establishment the Norfolk 
Manufacturing Company. When very young entered the United 
States Navy. was Third Assistant Engineer under Commodore 
Perry when opened the Ports Simoda and Hakodadi, Japan, 
and served the Michigan, the Great Lakes 1856, and the 
steam frigate Roanoke, the Coast Central America 1857. 
was one the officers the steamer Fulton which captured Walker, 
the filibuster, 1858, and served the Memphis the Paraguay 
expedition 1859. 

July, 1858, Mr. Roberts was promoted, becoming Second 
sistant Engineer, and one year later was made First Assistant. 
resigned September, 1859, but, response his country’s call, re- 
enlisted the Navy April, 1861. 1863 became Chief Engi- 
neer. 

During the attacks the forts and batteries Pensacola Bay, 
1861, was the frigate Niagara; the steam sloop Housatonic 
carried him point off Charleston, 1862, when she drove 
two iron-clad rams into port. was attached the frigate Niagara 
repairing Charlestown Navy Yard, during 1863 and 1864. 

After his retirement from the Navy returned Roberts’ Cross- 
ing, Waltham, and joined his father the manufacture paper, and, 
even after his father’s death, carried the business under the firm 
name, John Roberts and Son. 

The manufacture roofing paper was the principal product the 
mill until his ever-active mind turned the then new article, asbestos, 
and his mill was the first produce asbestos fire-proof paper, the secret 
the process being held him for many years. 

declined the acceptance public office, notwithstanding the 
many entreaties the part his friends. The only State positions 
held were Commissioner Prisons, and Representative the 
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General Court. was staunch Republican, and was sent 
delegate the State Convention for many years. was Member 
the Waltham Board Cemetery Commissioners, and Director 
the Waltham National Bank. 

Mr. Roberts was life member Monitor Lodge, and M., 
and Post 29, R., Waltham. belonged the Military Or- 
der the Loyal Legion the United States, also the American So- 
ciety Mechanical Engineers. 

“He. serves God well, who serves his creatures,” truly speaks the 
life William Roberts. Never was known refuse help 
worthy person project. Many leave public bequests and are thought 
generous, but Mr. Roberts’ method was give continuously; and, 
was his nature, quiet, just, liberal, honest, and philanthropic, was 
his giving, and there are many individuals and institutions who miss 
his beneficence. 

Mr. Roberts was interesting conversationalist, having toured the 

world. was especially interested the ocean, and crossed the At- 
lantic all the finest new steamers, his knowledge mechanical en- 
gineering enabling him note all the latest improvements the 
engines. was difficult, indeed, ask question country prod- 
uct which Mr. Roberts could not give valuable information, and 

such simple manner that child could enjoy his talk. 

October 27th, 1879, Mr. Roberts married Eva C., daughter 
Hon. Gideon Haynes, ‘and their home was always Waltham. His 
married life was one devotion, and would difficult decide 
whether the palm should given him his companion life. 

William Roberts was elected Associate the American Society 
Civil Engineers June 4th, 1884. 
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PAUL ERNEST Jun. Am. E.* 


Diep 1907. 


Paul Ernest Oberndorf was born Centralia, Kansas, Feb- 
ruary 16th, 1885, and died typhoid fever the same place after 
short illness, October 13th, 1907. 

His childhood and early youth were spent the farm. the 
autumn 1900, entered the Friends Preparatory School Wash- 
ington, C., and was graduated with honors 1902. entered 
Princeton University September, 1902, and was graduated four years 
later with the degree Civil Engineer. His record college was 
such character that, upon his graduation, was offered assistant 
professorship, but chose rather enter once into the practical 
work and experience his profession. 

was first employed Messrs. Waddell and Hedrick, Kansas 
City, Missouri, assistant engineer upon the large viaduct, then 
building, between Kansas City, Missouri, and Kansas City, Kansas. 
After short time was sent assistant engineer the sub- 
structure for bridge over the Atchafalaya River, Louisiana. This 
position required man judgment and precision, and Mr. Obern- 
dorf did his work such manner mark him man 
rare tact and ability for one young. For the few months before 
his death, was employed draftsman the office Ira 
Hedrick, Am. E., and here, the field, his work showed 
him original and resourceful. Judging from the results the 
little more than year’s work between his graduation and his death, 
Mr. Oberndorf undoubtedly had the qualities great engineer. 

Mr. Oberndorf’s temperament was most happy one, his manner 
was cordial and friendly, and showed regard for the opinions and 
feelings others. rare that one finds more symmetrically de- 
veloped, well rounded out man, the highest sense the term. His 
death was great personal loss his host friends, for all who knew 
him loved him and were drawn him his gentleness, his manliness, 
and his magnetic personality. 

Mr. Oberndorf was elected Junior the American Society 
Civil Engineers February 5th, 1907. 
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